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The Light Airborne Multi-Purpose (LAMPS) MK III is an 
aircraft developed principlely for use as an airborne 2xten- 
sion cf smaller surface combatants’ mission capabilities. 
Therefore, the LAMFS MK III (designated the SH-60B) is 


tasked tc perform many missions. Its primary missicn is 
Anti-Submarine Warfare (AS4). ts secondary mission is 
Anti-Shipg Surveillance and Tracking (ASST). The cther 


Missions which LAMPS MK III must perform include Search and 
Rescue (SAR), medical evacuation, VERTical REPlenishment 
(VERTREP), and communication relay. 

The missions that LAMPS MK III can potentially be tasked 
with dictate that a high state of operational availability 
be mairtained. The high operational availability needed was 
shown tec be unsuprortable by standard Fleet Support 
Improvement Program (FLSIP) methods. Therefore an alternate 
methed fcr sparing the LAMPS MK III was sought. 

my March 1981, after various sparing concepts were 
explored, the Chief cf Naval Operations (CNO) directed the 
use cf the Availability Centered Inventory Model (ACIM) for 
LAMPS MK III Pack-Up Kits. A Pack-Up Kit (PUK) can gener- 
ally be considered as an aviation-orierted collecticn of 
spare parts that is lccated abcard a host ship. The details 
of the LAMPS MK III EFack-Up Kit are discussed later. The 
Availability Centered Inventory Model (ACIM) was designed 
and developed principally by Mr. Andrew Clark, of CACGH=[nc. 
Federal. It is an extension and generalization of such 
previously developed provisioning nodels as METRIC 
(Multi-Fchelon Technique for Recoverable [Item Centrol), 
MOD-METRIC (Model £OE a Multi-Iten, Multi-Fchelcn, 
Multi-Indenture Inventory System) and LSEE (Logistic Suppert 
Economic Evaluation). 
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The cbhjective of ACIM is to provide a provisioning model 
based upcn an optimal inventory policy. The objective func- 
tion may ke defined as one that determines the least cost of 
spares stockage to attain a specified level of operational 
availability, or conversely, the objective function may be 
to provide the most operational availability for a pre- 
determined level of inventory investment. The most recent 
versicn c£ ACIM, version 2.0, allows the user compare the 
results cf the Availability Centered Inventory Rule (ACIR) 
With any cne of seven alternative stocking policies. 

The purpose of this thesis will be to examine the use of 
Perm in the context of LAMPS MK III PUK svaring. First, the 
underlying supply and system structures envisioned by ACIM 
@ee intrcduced in Chapter II. An overview of ACIM implicit 
and explicit assumpticns are reviewed; then the availability 
calculations are developed and the effects of the assump- 
tions on these calculations are discussed. The input data 
required te run the nodal, che model structure and the 
reports generated by ACIM also are presented in Chapter II. 

Chapter IiI discusses the limitations of of ACIM for 
sparing the LAMFS ¥K III PUK and discusses the specific 
allowance list used in this study. Chapter IV provides an 
analysis of the PUK spared by ACIM. Sensitivity analysis is 
performed cr various model parameters and attributes. This 
thesis dces not propose how to enhance the viability of the 
ACIM calculations but it does present ACIM behavior whken 
sparing the LAMPS MK III PUK in a Single-site, single- 
echelon environment. Attention is drawn to some strengths 
and weaknesses in using ACIM as a decision aid or analysis 
wool. Conclusions from this analysis are presented in 
Chapter V. 
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II. AVAILABILITY CENTERED INVENTORY MODEL 

The model utilized in this thesis is the Aveilability 
Centered Inventory Mcdel (ACIM), version 2.0, developed by 
CACI-Inc Federal and implemented by Henry J. Watras for use 
on the Naval Postgraduate School IBM 3033. 


A. INTRCDUCTION 


ACIM 1S a computer model written in PL/1 that can be 
used te calculate steady-state, optimum spare parts inven- 
tory requirements for all items in a multi-indentured system 
at designated stcockace locations throughout either a multi- 
echelen cr single-echelon supply support system. This tech- 
nique, referred to as the Availability Centered Inventory 
Fule (ACIR), determines stcckage amounts such that a given 
level of equipment orerational availability is attained at 
least cost in terms cf inventory investment, or conversely, 
determines maximum cperational availability from a given 
fixed inventory investment. 

The model also has the ability to compare ACIR stockage 


policy tc cne of the following stockage policies: 


(1) Maintenance Criticality Oriented (MCO) Consolidated 


Allowance List (COSAL) policy; 


Me .25 FLSIP COSALI policy? ; 


1FLSIP is _an acronym for Fleet Support Improvement 
Frogram. The .25 reflects the level of demand needed to be 
estarlished as .25 per ees Bie BWA es Gude-en, in) corde. 
to stock an item. If demand per quarter is greater than or 
equal to 1.0, then stockage is established for a 90 percent 
ee et lon against stcckout of the item at that site. When 
he pee ten oy demand rate at the site is between .0625 and 
1.0, then the Minium Replacable Unit (MRU) of the item is 
stocked at the site. 
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(3) Center for Naval Analyses (CNA) Modified COSAL policy; 


(4) User-defined protecticn policy against individual item 


Srecerkout ¢ 


(5) User-specified item inventory levels at the varicus 


supply sites; 


(6) Department of Defense Instruction 4140.42 provisioning 


pelaey: and 
(7) Unifcrm Inventcry Contrel Point wholesale policy. 


The current version of ACIM, if used in a multi-echelon 
support system, is capable cf computing stockage levels for 
operaticnal units as well as for intermediate and defor 
maintenance facilities that support the equipment. The 
Maximum number of items and stockage locations that can be 
considered depends on the amount of random access memory of 
the cCcmputer used. The items stocked may be consumable, 
repairable, or any mixture thereof. Each item is treated as 
being wnique; for instance, if the same item appears mere 
than once in the input, each appearance is treated as if it 
were a different item insofar as model operation and 
stockagé requirements are cecncerned. 

Even though the model is capable of recognizing inteérre- 
lationships of equipment parts in a hierarchical breakdown 
(nulti-indentured) structure in a multi-echelon suprfly 
Support system, these features need not be fully exercised 


in a given applicaticn. 
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Be DESCRIFTION OF SYSTEM AND SUPPLY ORGANIZATION 


1. Multi-Indentured Systen 


The ACIM model uses a hierarchical breakdown struc- 
ture to describe a systen.2 This is usually referred to asa 
multi-indentured system. 

In Figure 2.1 the equipment (systen) is theoreti- 


cally ccmpesed of the aggregation of all items from the 
| INOENTURE | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
| 
| 


EQUIPMENT 





(SYSTEM) (1) 


SRA-11 Sean ie SRA-22 SRA-23 (3) 


SUDSRA-231) | suDSRA~232 (4) 


EE gg a ee ee, a ee, Se ee Se ee, Ge eee i Se CE ee 
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Pigure 2.1 Multi-indenture Structure Employed by ACIM. 


second indenture level. An item in the second level of 
indenture is referred to as a Weapon Replaceable Assembly 
(WRA). These WRA'S consist of lesser components called Shop 


2The terms system_and equipment are used interchangeakly 
throughout this article. 
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Replaceatle Assemblies (SRA). The indenture structurs 
continues to break the system down into sub-SRA‘s, 
sub-sub-SRA's, et cetera, until the system is described to 
the level of detail defined by the user's data. 

Inherent in this system portrayal is the assumption 
that a failure anywhere within the structure creatures a 
failure (dcwn-time) 3 for the entire system. This equates to 
a system constructed in series. 


Peeeuulti=spchelon Suppor: 


REEMN Pas scarable of considering a single-* or 
Bulti-echelcn sufport organization. 

Figure 2.2 shows a typical supply support system in 
the Navy. If the single echelon node is selected then ACIM 
just stocks the lowest echelon. The highest echelon in the 
Navy, tke site originating supply support or spares provi- 
Penang, is not included in Figure 2.2. The site which 
handles this provisicning function is usually one of the two 
Mmaencory Control Points (ICP). The Aviation Support Office 
(ASO) . in Philidelphia, Pa. generally manages aviation 
related spare parts while the spare parts for ships are 
Managed Ly the Ships Farts Control Center in Mechanicsburg, 


Fa. 


a. evel-of-Repair Analysis 





The glue that holds the maintenance activities and 
the supply activities together is the Level-Of-Repair (LOR) 
analysis. As stated in MIL-STD-13908, the purpose of LOR is 
to establish a least-cost feasible repair or discard deci- 


Sion alternative when performing system maintenance acticns 


3The ccncept of down-time will be discussed at length 
Maeek in the chapter. 


*A Single-echelcn support system in Naval Aviation 
Pepmenology, 1s calléc organizational Level. 
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Pigure 2.2 Example Multi-Echelon Support Structure, 


and to influence system design in that direction. Measures 
ef system effectiveness such as operational availability are 
not included in LOR analysis as policy considerations. 

The major outcome of LOR analysis, in Navy termi- 
nology, is the develcrment of the Source, Maintenance, and 
Recoverability (SM&R) codes. The SM&R codes reflect pclicy 
regarding whether an item should be discarded or repaired at 
the depct, intermediate, or organizational level. The first 
two characters of this five character code are not used by 
Beri. The third character specifies the lowest echelcn of 
Maintenance authorized to remove and replace an item. The 
fourth character specifies the lowest echelon authorized to 
repair the iten. If the item is to be discarded, the fifth 
character designates the echelon level which may dispose of 
Hate 
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C. MODEL THEORY 


In a model, assumptions must be made to squeeze the 
infinite variables of reality into a finite set with which 
ene can reasonably deal. Principle assumpticns and limita- 


tions of ACIM are Summarized as follows: 


ie Parts are organized within a system (equipment) 
with atop-down breakdown that can be viewed as a 


network (see Figure 2.1). 


Ze Stockage/maintenance facilities are organized in a 
hierarchical structure according to supply/maintenance 
flows which can te represented as a network similar to 
the example given in Figure 2.2 . Each facility has a 
coleccated maintenance and supply capability. Indenture 
levels in the support hierarchy are referenced as ‘ech- 
emens according to normal supply terminology. This 
network assumption precludes lateral resupply at a 
given hierarchy [Ref. 1}. 


aie All stockace locations us@ a continous review, 
ene-for-one ordering policy. This means each time a 
failure (demand) eccurs the support echelon fe Put 


monte motion. 


4. External demands upon supply are stationary and 
ccmpound-Poissor distributed. Therefore, systems are 
assumed to operate at a constant rate over a reasonably 


Meng period of time. 
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5. Mean Time To Repair (MTTR) items is defined as a 
constant by an input parameter and includes all equip- 
ment dcwn times that are not supply related. 


6. Average turn-around-time for each repairable item 
assumes that sukrparts needed for repair are available. 


7. (Component failures are considered to be independent 
of each other. 


ale Ne further demands for parts can occur when one or 
more systems areé unavailable. This means that when a 
failure occurs at asite then all equipments at that 
site can not generate demands until the degraded equip- 
ment is repaired. This is roughly the equivalent of 


having all systems wired together in series. 


9. ACIM assumes that systems are operated only at the 
lowest echelon. 


2. Development cf the Maximum Availability Calculatic 


* 
= = se ae = a Se ee ES a 








ACIM implements a basic definition of operational 


@vaztilability, A, ,as: 


ne = igen rose aa BN (ctigs Ai 
= UE-TIME + DOWN-TIME ‘ 


When this defintion is used on a system such as an aircraft, 


the terms up-time and down-time can be misleading. If cne 


Considers up-time tc be the time periods for which an 


is, 





aircraft Poorlvieaescton Capable (FMC), then the aircraft is 
considered down whenever it is less than FMC even though the 
aircraf* may actually be operating with degraded performance 
(and possibly accumulating more component failures). nas 
model ancmcly will be discussed in more detail later. 
Up-time is described by the term, 
Mean-Time-Béetween-Failure (MTBF). Down-time is character- 
ized ky two basic quantities: 1) Mean-Time-To-Repair (MTITR) 
the ccmponent and 2) Mean-Supply-Response-Time (MSRT). MITTR 
is the average, actual amount of time needed for fault 
isolaticn, removal, and replacement of a discrepant Weapon 
Replaceable Assembly (WRA) or Shop Replaceable Assembly 
(SRA). This tacitly assumes the requisite parts are immedi- 
ately available when maintenance is being performed. MSRT 
is considered to include Order and Ship Time (O&ST) as well 
as expected delays due to shortages at higher echelons of 
suppeort. Graphically, this is represented in Figure 2.3. 





| 


{ Failure Failure 
| | a 
————————=—=—~EL eee 
Calendar Time 
| cr 3 ser — 


Pigure 2.3 Fallure and Repair Cycle. 


a qu ee Loe 


The definition of Aj can therefore be written as 


Bier = Sk fei TK 
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ACIM uses MTBF and MITR (measured in days) as inputs 
which are subsequently held constant. The MSRT factor is 
the cnly cne dependent upon stockage postures and is there- 
fore the cne that is changed by the model to achieve a given 
value of A, (Ref. 2]. As is seen in equation 2.2, the 
smaller the MSRT the Letter availability becomes. However, 
Binimization of MSRT is close to, but not equivalent with, 
Maximizaticn of A {Ref. 3]. 

MSRT represents the expected delay time for a given 
site to recéive an item through the echelon support struc- 


ture after a demandS cccurs. ACIM calculates MSRT as: 


om 
MSRT = eS (x-s) #Pr (x; \7) (eqn. 2a) 
where: 
» = mean demand rate of the iten; 
S = initial stock level of the item at the site 
and 
Pr (X;)\T) = Poisscn, Negative Binomial or Normal® preob- 


ape baty Of XX Unles Ot = ne 2ten 9 being 
demanded during time T. 
T is the mean stock replenishment time and is calculated by 
the egquaticn: 


toe ra (ktR*) + (1—Pa) F(LtL*) (eqn. 2.4) 


SA failure is assumed to create an immediate demand, and 
the terms are considered interchangeable. 


6The distribution used for backorder days depends ufon 
the méan and variance of the parts selected. 
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Pa = the probability that the itam is not repai- 
rable; 


R = the average supply lead time from the next 
higher supply source; 


Be == the additional resupply tame if the item is 
not in stock at the next higher echelon; 


L = local repair cycle assuming the repair parts 
are Sines .oc kK: 


L*' = extra repair time required if repair parts 
are nct immediately in stock. 

To arrive at a system MSRT at a particular site, a 
weighted sum involving failure rate values and the MSRT at 
the site fcr the first indenture level is used. The MSRT 
for the first indenture level is caiculated as a function of 
repair cycle time, MSRT for lower indentured items, and MSRT 
for the item 1tself from higher echelon support facilities. 

For equations 2.3 and 2.4, Pa, R, and L are inputs 
to the mcdel and are held constant. The other parameters in 
these equations are expected values determined by ACIM. 

If cne divides the numerator and denominator of the 


Beant Side cf equation 2.2 hy MTBF it yields: 


A = ws we wee wewee2wan2 @oeer @e ZZ @e@ @ ee 2 2 @ ee @ = = Ne CaS 
is 1+ (MSRT + MTTR) /MTBF (eq 


mamactOn 2.5 calculates A, for a single site; if operating N 
identical systems the computation is: 


EN So Se SS eqn. 2.6 
iG 1+ N*¥(MSRT + MTTR) /MTBF — 


ae 





PremEcemelrOcacINOreanhtor yields, for the equipment or 
component under Scrutiny, the Failure Rate (FR). If MTEF is 
measured in hours, the FR thus defined is measured in units 
Se failures per hour. To express FR as a daily rate one 
multiflies by 24 hours as shown in equation 2.7. 


24 hours 
Ree ee ee (eqn. 2.7) 


AS a proxy for MTBF, ACIM utilizes the input iten 
labeled Eest Replacement Factor (BFR). The Standard Data 
Element Dictionary [ Ref. 4] defines BRF as the total annual 
replacement for the item divided by the item populaticn. 
Each ccmpenent considered by ACIM has its associated EBRF 
given via input item data. To arrive at a System BRF (SBRF) 
ACIM uses €quation 2.8. 


M 
SBRF = > (POP, * BRP ) (eqn. 2.8) 
af de 
i=1 


wheres BRF. the BRF of component i. 
al 


POP = the population of component i on the 
BL 
systen, (6. ¢.) if component i of the 
system were a tire and that syste 
needed 4 identical tires then, POP = 4; 


M = total number of system components.’ 


The daily failure rate for a system, as defined by 
equation 2.7, can be equated to SBRF as follows: 


7The terms compcnent and item are used interchangeably 
in this thesis. 
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24 hours SBRF 


Failure Rate (FR), measured in failures per day, can 
now ke Mipaeeeez ed in calculating system aVaLeaoLt lity, 


Substituting FR into equation 2.5 one has: 


= ian eames eo T= eqn. 2.10) 
a 1 + PR*(MTTR + MSRT) (Sq 


ERF is calculated onan annual replacement tasis 
which implies it is Eased upon a specified operating tempo. 
Higher or lcwer operating tempos will likely affect A. en 
versicn 2.0 of ACIM there 1s a user defined Operating Level 
fob) for each system to try to account for various operating 
tempos. OL is a dimensionless quantity and defaults tc 1.0 
if the user does not define it. Augmenting equation 2.10 by 
use of OL we have: 


If MSRT is allowed to go to zero in equation 2.11, 
the equaticn pregrammed into ACIM for ‘the maximum opera- 


tional availability of a single system for a single site is: 


: 
A. MaX © 37 ---n-- ----------- eqn. 2.12 
= 1 + OL* FR* MTITR (eq 


The above derivation terminating in equation 2.12 is 
Only cne of many calculations performed by ACIM; but, as 


Will te seen later, its behavior is of importance. 
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The assumpticns needed to implement this model do 
have an effect on the availability calulation and thus 
affect tke systems and circumstances to which ACIM is appli- 
cable. A general synopsis of the impact of the assumptions 
upon availability is given below. 

The multi-indentured equipment network assumed by 
ACIM generally poses little difficulty; however, the user 
must be aware of the implication of this top-down breakdown 
approach. Namely, if the same item appears in different 
locations in the structure, each component is treated as a 
unique item in the cperation of the model [{Ref. 5]. That 
is, it is fpossitle fcr the exact same item to be located on 
several indenture levels of the same systen. For example, 
in Figure 2.1 an identical item may be designated beth 
SRA-12 and subSRA-221 due to the nature of the equipment 
Gentiguraticn. 

The effect cf the assumption of a nmulti-echelon 
Support system can ke important. LesOne. Lrerers to Figure 
2.2 and Suprfoses that PIMA West Coast has five of a partic- 
ular comronent in stock and PIMA West Pacific has a demand 
Beeethis ccmponent but has none in stock, ACIM will not 
allow PIMA West Pacific to ke resupplied by PIMA West Coast. 
Resupply must come from a higher support echelon. Las 
tends to understate availability by creating a Situation in 
which MSRT is generally overstated. & 

The one-for-cne ordering policy precludes considera- 
tion cf economies of scale for resupply. In reality the 
Supply system managers must address things such as Economic 
Order Quantity and tkottlenecks in the supply processing 
Sycilc. The effect of this ona-for-one ordering policy 


SHow, tc accurately represent, multi-echelon 


; Suppcrt 
systems 1S avery complex tcpic and is not addressed hete. 
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assumpticn tends to understate MSRT and thereby overstate 
availability. 

The inability to generate demands whenever one or 
more systems are down tends to over-estimate availability by 
reducing the opportunity time for a failure. The greater 
the number of systems operating, She more —daet&tacult this 
assumpticn is to reccncile. 

The fact that ACIM considers equipment usage at only 
the lowest echelon reflects a limitation in use of ACIM to 
systems that at least approximately conform to this 
Restriction. 

In defining availability as ACIM does, one must 
assume the cperating tempo of each system iS Ao percent of 
that given in the input data. This means that if a system is 
supposed to operate at 100 hours per month and availability 
is measured at 50 percent then one tacitly assumes the 
System operates at cnly 50 hours per month {Ref. 6]. The 
reason that this happens is because the demands provided by 
the input data through the BRF's are themselves based upon a 
specific operating tempo. In this example, if one srfared 
the system for 50 percent availability this would be approx- 
imately the same thing as Sparing on the basis of 50 percent 
cf planned cperating tempo. A user aware of this situation 
can utilize the OL variable that is mentioned in Section 
ie Cc. 2. Hewever, use of the OL variable at other than its 
default value of 1.0 automatically makes a further assump- 
On > that ls, each component's BRF is similarly and 
linearly affected by a change in operating level. Since 
Meees are Spared at arate proportional to OL the original 
rroblem cf sparing to 50 percent of the operating tempe has 
not disappeared. 
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Dee SNPUT DATA 


There are two general classes of data which are defined 
as inputs to the Availability Centered Inventory Modei-- 
system-related data and item-related data. The systen- 
related data isa file with records in different formats 
which give policy parameters, default values, model options, 
and definitions of sites involved in the operation/support 
of the equipment. The item-related data gives a variety of 
factors that define and describe individual parts within the 
equipment. A basic set of item data is given in one file, 
With additicnal item data being given (optionally) in a 
second file. The various input files and included record 
formats are identified as follows: 

System Data File: 
Format A ~- Cptions and Default Values 
Format FA- COSAL Folicy Parameters 
Format FB- .42 Provisioning Parameters 
Format FC- OICP Wholesale Policy Parameters 
Fermat L ~ Site Data 
Item Data Files: 
Hemmat Le~ Face Ltem actors 
maadteacnal Item LatagPile.(Optional): 
Format J - MSRT Parameters and Specified Levels 


For a few data elements, default values are automati- 
cally inserted by the model if net given in the input data. 
The follcwing format descriptions are very general; the 
Specifics for the format files are contained in Appendix A. 


1. System Data File 





The system data file contains five different formats 
aS 1llustrated above. The formats are identified by an 
alphabetic letter in the first column of each record. All 


of the records are eighty columns long. They are arranged 


27 





Meeseguence according to the format identification in the 


mayest column. 


ae Format A - Opticns and Default Values. 


The user, via what 1s commonly refered to as the 
"A-card", must choose the following options for the system: 
the type cf optimization mode%, comparison policy, Mission 
Essentiality Code (MEC), and default MSRT. Other information 
placed on the A~card is equipment MTITR, investment target, 
availability target, response times, Depot Procurement Lead 
Time (DPLT), depct repair cycle, and scrap race. 

AS will ke described later, one of the outputs 
meom ACIM is a Cost-Effectiveness Report. The control input 
parameter fcr this report is provided on the A-card. By the 
user's choice, the lines of the report are commanded to be 
printed ky elther a specified change in the total number of 
items stccked or, by a specified change in the availability, 
or lastly, due to a specified increase in the dollar 


investment. 


bE. Format FA ~ COSAL. Folicy Parameters 


There is cnly one record in the "FA" format; it 
provides needed factors for operation of the MCO and FLSIP 
COSAL policies. The data elements on this record include 
format identification, type of data, MCO formula parameters, 
MCO risk floors, MCO risk ceilings, FLISP parameters and CNA 
policy parameters. 


°The three optinization _ modes, pure optimization, 
enhanced, optimization, or fixed comparison policy are 
defined in Appendix A, and II.£.2. 
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¢. Format FE - .42 Provisioning Parameters 


There is cnly one record in the "FB" format; it 
provides needed factors for operation of the Department of 
Defense Instruction 4140.42 provisioning policy. The data 
elements include type of data, range, depth, shortage and 
holding cost, Spec Ouyaenate, low, high and breakpoint 
procurement costs, non-stocked procurement cost and zero 
demand probkabilities. 


ds. Format FC - UJICP Wholesale Policy Parameters 


There 15 Cnilvyeone record for the "FC" format; it 
provides needed factors for operation of the Uniforn 
Maventcry Control Point (UICP) wholesale policy. The data 
elements include type of data, obsolescence factor, manufac- 
Baring setur cost, shortage cost, holding cost, stocked 
procurement costs (high, low, and preakpoint), and non- 


stocked frocurement ccst. 
e. Format L - Site Data 


There is cne recerd in the "L" format for each 
different kind of user or higher level maintenance/supply 
activity in the support system for the equipment. The model 
is limited +o ten such activities; thus, the number of 
Format L records must be ten or less. The elements of this 
card seek tc define relevant ccmponents of a particular site 
by using the following data elements: Site name, indenture 
level, echelon, stcckage facility, repair facility, lead 
time, repair cycle, number of locations, number of equip- 
ments, ccmparison policy, ACIR policy, operating level and 
the levels cutput format to be utilized. 
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The item data file contains one record for each item 
of the equipment to be included in the operation of the 
model. Even though data corresponds to values of an 
Cverride Code given as one of the data elements; the length 
cf records in this file must be at least eighty columns (the 
record may be lenger if reference data not needed by the 
model is entered after column eighty). Whenever a data 
element ccenforms exactly to one contained in the Suprfly 
Maintenance Program Standard Data Element Dictionary, NAVSUP 
Fublication 508, {commonly referred to as the DEN 
Dect lCNnary) - then the DEN Dictionary reference will be 
cited. Prief descrirftions of the data elements are included 
in Appendix Aw Data elements included in the Item Data file 
format are: reference numter, indenture level, part number 
(DEN CDO46D/C002B), nemenclature (DEN C004), cognizance code 
(DEN C003), number per next higher assembly (DEN DO11), unit 
meet (DEN B503), SME codes (DENS DOQ12/D013/D013C), ERF (DEN 
FO27), MEU (DEN C007), MEC (DEN COO8E), override cede (DEN 
COO07B), overide amount (DEN COO7A), and if desired addi- 


tional references may be added aftar column eighty. 
3. Additional Item Data File 


The additional item data file, or J-card file, was 
modified by Henry Watras when ACIM, version 2.0, was imple- 
mented at NPS. The use of the J-cards is a user option. 
Rather than relying cn default values, each item may include 
additional informaticn: user-MSRT, procurement lead time, 
depot repair cycle, scrap rate, annual wholesale demand, and 
stock levels for up to ten specific sites. 
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E. MODEL DESCRIPTION 


Figure 2.4 presents an overview of the ACIM. As 
described above, input data consists of two main classes, 


system-related and item-related. These data enable the 


; 
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Figure 2.4 ACIM Structure. 


three seperate programs (PRE, MAIN and POST processors) of 
the model tc be operated. 


1. reprocessor 


The first program (Preprocessor) has four main func- 
ions. First, it reads the input data and determines the 
number of items and included assemblies and included user 
Sites. Once this is accomplished, the values of the four 
parameters Mean Supply Response Time (MSRT), procurement 
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lead tine, depot repair cycle and scrap rate are ¢stab- 
lished. Second, stcckage levels are computed (or read in 
Beom input data) for the designated comparison policy. 
Third, eéach item is married with assigned parameter values 
using €ither the item data file or system default factors. 
Finally, if only Consolidated Ship Allowances (COSAL) aré 


being ccmputed, then MSRT for user sites are assigned from 


the item data file or default factors. Results of these 
steps are written tc the temporary data sets, TEMPC and 
TEMP1. 

2. Main Model 


The second prcgram (Main Model) calculates stockage 
levels in accordance with ACIR. The calculation is itera- 
tive in nature and fcllows the following basic approach: 

Step 1: Assume that stock levels for all items and 
locaticns are given. 

Step 2: Find the item and location for which a stock 
level increase of one unit will provide the 
largest increase in system availability per 
dollar. 

Step 3: Increase the stock level of the selected item 
and location by one unit. 

Step 4: Go to step 2 unless the availability goal or 
budget constraint is reached. 

When ACIM is run in the pure optimization mode, the 
process starts with zero stock levels for all items and 
locations. However, for cther types of optimizations the 
levels fcr some or all items and locations are given at the 
start of the above listed stepwise procedure. At the 
completicn cf this algorithm the stockage levels represent 
the results of using the ACIR. At the option of the user, 
cost effectiveness reports, which are intermediate results 
of the Main Model, may be obtained. An example of a cost 
effectiveness report is shown in Figure 2.5. 
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Sa OStprocessor 


The third program, the Postprocesscr, takes informa- 
tion frem the first two programs and produces two output 
Beports and an output data file. 

ime first Lepore, Levels by Item Summary Report, 
lists -y sequence number all parts utilized at all sites 
(one repert per site) along with a summary for each iten. 
The seccnd report, the Statistical Summary Report, yields 
cverall results for both ACIR and the chosen comparison 
Bolicy. 

moe POStpLOcCessor | final action is to write to the 
cutput data file, This file takes the system input data and 
appends to each item the number of sites, stock level for 
the ccmparison policy and the stock level calculated by ACIR 


for the given item and site.!0 


4. ACIM Generated Reports 


a. Cost Effectiveness Report 


An example of a cost effectiveness report 
meoduced by ACIM is shown in Figure 2.5. The Se DEM acolumn 
represents the sequerce number of the item whose stock level 
is being increased by one unit. The next two columns are 
the cost of the item being incremented and the site number 
being augmented. The column labeled LEVEL shows the new 
stock level for the given item and site. The Mean Supply 
Response Time (MSRT) column displays the MSRT for the equip- 
ment as a whole after the stock has been incremented; this 
value will continue to decrease fora given site. The 
sequence number of the user site causing the increase in 
stock level is entered in the USER column. The ASUBO of the 
user site benefiting most from the stock level increase is 


10The output data file is an not utilized in this 
thesis. 
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2.6 Levels by Item Summary Report. 
aS 


Figure 





eéarlier versions, and some of the columns need amplifica- 
tion. Cclumn IND represents the indenture level of the item 
within a systen. CCG column displays a two position code 
prefixed te Federal Steck Numbers to identify and designate 
the organization which exercises supply management of the 
item. In Figure 2.6, a COG of 1R deSiginates Naval Air 
Systems Ccmmand (NAVAIR). POF indicates the population of 
that item cn the systen. The Military Essentialty Ccde 
(MEC) column represents the relative military importance of 
an assembrly in relaticn to a higher component, equipment or 
missicn as cutlined in OPNAVINST 4423.27. The OVR columns 
present the override code used for each item under both the 
compariscn and the ACIR stockage policies. Appendix A 
contains further expflanaticns of specific override codes. 
Finally, Order and Ship Time (O&ST) column refers to the 
effective O&ST for the item at user-level sites. This is 
the same as MSRT for the item if one assumes a zero stock 


level at the user site. 
c. Statistical Summary Report 


The last report, the Statistical Summary Report, 
is designed to show the overall results of the model in 
terms of stcckag? cost and perfcrmance. The first group of 
statistics shown in Figure 2.7 give an accounting of items 
in the system in terms of total number and numbers excluded 
from stockace at the given site for various reasons. 

The seccend group On statistics give an 
accounting of all steckage candidates in terms of the number 
ef different items stccked and the percentage of candidates 
that are stocked. 

The third group of statistics specifies the 
investment (in thousands of dollars) for stocked items and 
is calculated by multiplying the item unit cost times its 
associated stock level and then summing the resulting 


products. The non-stccked investment is calculated as «the 
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AVAILABILITY CENTERED INVENTORY MODEL (ACIM) VERSION 2.0 
STATISTICAL SUMMARY REPORT 


4 
| ] 
{ 
{ | 
( SH6OB SITE 1 - DDG | 
| MODE: OPTIMIZATION { 
| COMPARISON POLICY: .95 PROTECTION : 
COMPARISON POLICY ACIR POLICY 
TOTAL NUMBER OF ITEMS rire uul 
# DELETED BY OVERRIDE CODE x 0 0 
# EXCLUDED BY OVERRIDE CODE Y 1 1 
# CXCLUDED BY SMER CODES 0 0 | 
{ 
NUMBER OF STOCKAGE CANDIDATES uu uud I 
| MPITENS STOCKED 135 u39 
# ITEMS WON-STOCKED 305 1 
| PERCENT STOCKED 30.69 99.70 | 
: # UNITS STOCKED 165 872 | 
| INVESTMENT ($000) { 
STOCKED MMe eke! 10362.583 | 
NON-STOCKED 1954. 240 223.385 | 
PERFORMANCE 
FILL RATE 0.747 0.995 
EXPECTED UNITS-SHORT gi. 50g gas | 
BACKORDER-DAYS 16661733 32.965 | 
OPERATIONAL AVAILABILITY { 
ACHIEVED 0.20583 0.95024 | 
| MAXIMUM ATTAINABLE 9.97082 0.97082 | 
__— ne, | 





Figure 2.7 Statistical Summary Report. 


unit ccst times MRU (Minimun Replaceable Unit) summed over 
all stockage candidates with a zero stockage level. 

The last set of statistics give several perforn- 
ance measures fcr the inventory asa whole. Operational 
availability statistics are provided for the user and are 


calculated ty both ACIR and a comparison policy. 
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The cencept of Pack-Up Kit (PUK) will now be developed 
by =xamining the specific PUK for the LAMPS MK MIIf. The 
specific scope and make-up of a PUK is not a universal 
Constant. Generally, a Pack-Up Kit is an aviation-oriented 
COnsclidated Ships Allowance List (COSAL). The goal ofa 
PUK is tc maintain sufficiert spare parts in stock to ensure 
a 90-day self-sufficiency period during which resupply is 
considered unavailable [{Ref. 7]. In the case of the LAMPS 
MK III, a PUK, positioned on board a host ship, theoreti-~ 
Cally ccntains all the spare parts necessary to allow the 
aircraft tc perfcrm its missions at a pre-determined cper- 
ating level for a 90 day period. 

The Availability Centered Inventory Model (ACIM) 


employs, in the Main-processcr progran, the Availability 
Centered Inventory Rule (ACIR). ACIR is used by ACIM when 
performing the availability calculations. The ACIR seéelec- 


tion process can be Eilased by the presence of bit-and-piece 
farts or high-usage, low-priced items which are non- 
essential for mission fulfillment. This means that if the 
Availability Centered Inventory Rule is to be used to stcck 
moe the LAMPS MK III, then an availability-centered inven- 
tory list must be developed which is davoid of non-essential 
parts. Tre bit-and-fiece parts, because of their low cost 
per item and their essentiality, are assumed to be on hand 
and are net present in the availability-centered allowance 
fest . Thererore, the LAMPS MK III PUKsS examined in this 
Study are not selected from all possible stockage candi- 
dates. However, the exclusion of non-essential parts from 
the ACIR ccmputation model dces not imply that no repair 
parts of this type should be stocked aboard ship. It does 


RRs 





imply that the SCenvenesonal Fleet Logistic Suppor. 
Improvement Program (FLSIP) allowance normally provides 
adequate coverage for this material. [{Ref. 8]. 

The term essential part is logically tied to a specific 
mission. In turn, the definition of operational avail- 
ability, A , used in ACIR is tied to mission requirements. 
For example, a particular radio frequency signal multiplexer 
may re essential to mission performance for Anti-Submarine 
Warfare (ASW), but the same multiplexer may be of no value 
in an Anti-Ship Surveillance and Tracking (ASST) mission. A 
down-time created by the failure of the above mentioned 
Multiplexer is only relevant for an availability calculation 
based on an ASW missicn mandate. If the user of ACIM estab- 
lishes an availability-centered allowance list capable of 
supporting multi-mission criteria, (e.g. both ASW and ASST), 
the resultant effect cn calculations becomes ambiguous. one 
cause of the ambiguity relates to the model assumpticn of 
Foisscn arrival of failures. Deed faeieesocchrs, then. 2+ 
is assumed that the aircraft experiences a down-time where 
no more failures may cccur. In a multi-mission environment 
it beccmes more likely that this assumption will be violated 
Fecause the failure cf a part may not create down-time may 
but merely shift the crew to an alternate mission were mere 
parts failures may occur. In order to minimize the uncer- 
tain effects of a multi-mission sparing criteria an attempt 
was made to have the stockage candidates in the 
availability-centered allowance list be as consistent as 
possible with the definition of availability. This was 
accomplished by defining a single, specific, subordinate 
Mission as the basis for the availability calculation of the 
LAMPS MK III, and tken orienting the availability-centered 
allowance list around this mission definition. 

In order to match the availability-centered allowance 
list in the most straightforward manner with ACIR 


computational restrictions, a very basic mission became the 
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basis for defining cperational availability. Only thcse 
parts necessary tc support the aircraft for Missicn 
Capability (MC) were included in the availability-csntered 
allowance listing. For the purposes of this study, MG 
defines the ability tc perform a basic communications relay 
mission. Although the primary mission of ASW and secondary 
tissicn cf ASST are not specifically spared in this study, 
the above definition of operational availability does not 
Jimit the aircraft from being Full Mission Capable (FMC) 
fmerig any cr all of its availability period. That is, EC 
becomes a lower bound case for capability during the periods 
of operational availability. 

Now that the mission to which the operational avail- 
ability calculation is tied becomes clearer, the task of 
generating the availability-centered allowance list from 
Which the Pack-Up Kit is chosen must b2 addressed. The data 
under analysis were developed according *o Availability 
Centered Inventcry Rule Shipboard Allowance Development 
Procedures Handbook (NAVSEA TL-441-AA-HBK-010). The proce- 
dures outlined are in no sense mathematically optimal. They 
were developed as a ccmpromise between existing real world 
constraints and mathematical optimization [Ref. 9]. The 
results yield a relatively small availability-centered 
allowance list of 440 items. These items are enumerated in 
Appendix B. This ccntains a complete listing of the orig- 


inal, or benchmark, item data file. The item data file is 
also referred to as the I-cards. The I-cards were received 
from the Center for Naval Analysis. The dollar-valued 


information is given in 1983 dollars. 

The reader should now realize that the term Pack-Up Kit 
(PUK) has a very specific meaning in the context of this 
study. The PUK comprises items that are selected frem an 
availability-centered inventory list which is developed 
@ecocrcding to pre-established procedures but tailored 
according tec user needs. 
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Only one LAMPS MK III will likely be deployed per d¢sig- 
nated ship. Therefcre, this study is designed to observe 
PUK sparing as seen by ACIM for a single LAMPS MK III cper- 
ating on a ship with no repair capability other than 
organizaticnal-level maintenance. This level of maintenance 
is eguivalent to remove and replace maintenance capability 
only. The only aircraft stockage sources aboard the ship 
are ccnsidered to be those contained within the PUK, bit- 
and-piece parts, and FLSIP provided non-essential parts. 
Therefore, the general environment under which the PUKS for 
this study are developed is defined as a single-site, 
Single-echelon, single-aircraft probleéen. 

The focus will now shift to developing a framework for 
studying the effects on LAMPS MK IIIT PUKs that ACIM envi- 
Sions under varicus circumstances. 
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A. INTRODUCTION 


The three general categories of scenarios eéxamined 
through ACIM with the avallability-centered allowance 
listing for LAMPS MK III were: 

1) <Availability-constrained ACIM optimization, 
2) Budget-constrained ACIM optimization, and 
3) Fixed-stockage performance. 

Frior to the béginning of the analysis a method and 

structure fcr ccmparison was developed andis presented 


below. 


Be ESTAELISHING BENCHMARKS FOR COMPARISONS 


In studying the sensitivities of the various parameters 
it is useful to establish a well-defined set of benchmarks 
mer ccCMparison. Tke orginal CNA I-card data (item data) 
contained in Appendix B was used in computing benchmarks. 
But to be meaningful, the benchmark A-card and L-card paran- 
eters must also be outlined. Appendix C contains benchmark 


A-card and L-cards. 


Benchmark A-card farameters are; 


Run options: All run options were at their 
default settings. 
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Eguipment MITR: The mean time to repair an iten 
was provided by CNA at .062 days or 1.488 hcurs. 
This repair time is applied equally to all items 
ehatweetdwt and | there is no model provisicn to 
asSign higker or lower MTTRsS to specific items. 


Availability target: iioeACE Ms Issutilizged in the 
availibility constrained optimization mode then 
the CNA prcvided value of 82.4 percent target 
availability was used. If budget-constrained 
Ortimizaticn was desired 99.9 percent was 
assigned. 


Investment target: If ACIM were used in the 
availability-constrained optimization mode then 
this target data field contained all 9's to ensure 
the availability constraint was active. After cone 
model application, uSing all benchmark parameters 
fer the constrained availabilty problem, a budget 
Seep oge2e es, 37o Was Eequired for the PUK. This 
figure became the budget constraint for budget- 


ccnstrained optimization uses of ACIM. 


Part number field size: The default value was 
used. 
User-MSRT: Both Navy and DLA user-MSRTS were 


always the same and the Navy standard, 420 hours 
[Ref. 10], were entered as 17.5 days for the 
benchmark. In the single-echelon, Single-site 
application the response time includes administra- 


tive and transportation delays and also a delay 
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attributable to the chance that the higher suprly 
source may te out of stock; therefore, mec LS 
study user-MSRT is equivalenc to OS&T when a part 


Meenoteon hand. 


Depot Procurement Leadtime (DPLT): Riis eS NO. 2 
factor in a Single-echelon, single-site scenario, 


but a value of 365 days was input. 


Depot Repair Cycle: A value of 83 days was input, 
but neither DPLT nor depot repair cycle time are 
used by ACIM in a Single-echelon, Single-site 
Situation. For the type of PUK-only computation 
in this study the pertinent supply factor becomes 
the total amount of time it takes the user site 
(Organizaticnal Maintenance for an embarked LAMPS 
MK III detachment) to receive a replacement part; 
the length of time ACIM uses for this is repre- 
sented by user-MSRT. 


Scrap Rate: The scrap rate is set toa default 
value cf five percent but has no effect since the 
repair side of the mod23l is essentially deacti- 


vated for the purposes of this study. 


Benchmark L-card parameters: 


Indenture Level: There was only one level, there- 


fcre an indenture code of "1" was entered. 
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Echelon Code: An "O" was inserted to represent 


organizaticnal maintenance/supply facility. 


Stockage facility: An "X" was entered to indicate 
that the site maintains inventories of spare 


PiaweS « 


Repair facility: The "Oo" Jlavel maintenance is 
ccnsidered to have no repair capability other than 
remove-and-replace; therefore, no mark is entered 
TOererlec: thas. 


Lead tine: This value was not used by ACIM in 


this studiy. 


Repair Cycle: This value was not used by ACIM in 
ve igpley Syaeiblfel yar 


Number of locations: A default value of one is 
used. 
Number of equipments: A derault value of one is 


used. 


Cemparison policy: The user defined J-card cption 
was selected. The stockage levels generated by 
ACIM when one constrains availability to 82.4 
percent and uses benchmark parameters were det er- 
mined. Then, these stockage levels were entered 
on the Additional Item Data Pile (J-card) records 
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EOumUuSeC=mDy the J-Card comparison policy. Qalalis 
method is also termed a fixed-stockage ccmparison 


pelicy threcughout this paper. 


Ne Pheoor 1c y: The "pure optimization" mode was 
used. 
AvVallability target: The value entered on the 


A-card was used by default. 


Operating factor: The benchmark is the default 


value of 1.0. 


As discussed above, only selected benchmark parameters 
were varied. In Table IT is a summary of A-card and L-card 


— - °° .°°»;».» 
TABLE 1 | 
{ 





A-card and L-card Benchmark Parameters 

Parameter Benchmark value Card location 
Availability target ~824/.999 A-card | 
Investment target 99999999/5,222,387 A-card | 

| 

| USer-MSRT 17.5 days A-card | 
| equipment MTTR -062 days A-card | 
| ofrerating level (CL) He. 0 L-carda | 
a saci 
Fenchmark parameters that were studied. For availability 


target and investment target parameters the first benchmark 
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meus £Or each refers to the value used in an availability 
constrained optimization and the second refers to the value 
used in budget-constrained optimization. 

Besides studying the effects of varying these benchmark 
A-card and L-card parameters, the benchmark item data file 
values of unit cost and BRF were varied. This was accomp- 
ished by use of a data translation program that would change 
these I-card values according to user specification. 

Before viewing the results of the analysis it is helpful 
to recall the iterative nature of the solution proce¢dure 
used by ACIM. Wken making use of the model in an 
availability-constrained application one must realize that 
ACIM achieved operational availability will always be 
greater than or equal to the value of the ACIM availability 
constraint.?? This occurs because at each iteration a unit 
cf stcck is added to the PUK, and the increase in equipment 
availability due to this added unit of stock is a variable, 
as is tke value of equipment availability a+ each step of 
the recursicn. The result is a perturbation of the achieved 
cperation availability above the availability constraint; 
the user should be aware of this when making head-to-head 
comparisens cf the parametric changes. For example, Figure 
4.1 shews the perturkations experienced in ACIM operational 
availability achieved by repeated availability-constrained 
applications of the mcdel under varying values of user-MSRT. 

With the benchmarks defined, the study will now preceed 
withe three analyses: availability-constrained optimiza- 
tions, kudcget-ccnstrained optimizations and fixed-stockage 
perfcrmance. These alternatives are examined by allowing 
one variable ata time to change. The structure of the 
analysis is the same in each of the following sections. The 
resultant PUKS are studied in light of how they are affected 


11A converse .argqument can be constructed for budget- 
constrained optimizations. 
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1) Varylngsinat COSt of all items by a specified 
percentage; 
2) varying BRF of all items by a specified 
percentage; 


3) varying the operating level of the embarked 
DANES MX Lil; 


4) varying the user-MSRT parameter by the sans 
amount amount for both Navy cognizant parts and 


Defense Logistic Agency (DLA) cognizant parts. 


5) varying the of the equipment MTTR parameter; 
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Figure 4.1 A, Achieved and A, Constraint: a Comparison. 
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C. AVAILABILITY-CONSTRAINED OPTIMIZATIONS 


This section presents the results of fixing the target 
operational availability at 82.4 percent and varying key 
parameters one ata time from benchmark values to observe 
the effects on the PUK. 





Picmainmtt  eCCSt 1S Sncpresented in 1983 constant 
dollars and all ccmparisons are made in 1983 constan* 
dollars. 

In the availakility-ccnstrained scenario the effect 
of the unifcrmly increasing spares unit cost can be seéén in 


Figure 4.2. The dollar investment in the PUK rises linearly 
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Figure 4.2 Constrained Availability, Variable Unit Costs. 


and in direct proportion to a percentage increase in unit 
cost of all items contained in the availaktility-centered 
auyentcory list. Exainaticn of the Levels By Item Summary 
Reports confirmed that the stockage of parts is identical in 


either case. All quantities, except for dollar investment, 
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in the Statistical Summary Report remain unchanged. ete 
shows that the model optimization procedure in this single- 
echelcn, single-site setting will continue to pick the same 
inventory items if the percentage change in the cost of 


"rems is uniforn. 


2. Effects of Varying Best Replacement Factor 


The Best Replacement Factor (BRF) affected every 
facet of the Statistical Summary Report. Investment dollars 
as a function cf BREF for this scenario is presented in 
Brgure 4.3. The BREF cf all items in the item data file were 
changed by the same percentage whenever the BRFs were 
changed. Figure 4.4 shows that the achieved orferational 


availability wanders in a relatively small range above the 
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Figure 4,3 Investment as a Function of BRF. 


82.4 line, while maximum availability decreases linearly as 
increasing BRF values are used in equation 2.12. As maxinun 
availability approaches the availability constraint of 82.4, 
the slope of the investment line in Figure 4.3 should 


theoretically get steeper. However, in the range of 
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Figure 4.4 Availability as a Function of BRF. 


values over which BREF was varied the rate cf increase in 
investment remains guite linear. For every ten percent 
increase in BRF (if uniform over all items) ACIM expects 
about a £235,000 increase in the investment requirement for 
a Single PUK. 

Figure 4.5 yields lnsight into how ACIM changes the 
cConfiguraticn of the FUK as BREF is varied. The parts that 
tend to ke chosen first because of their desirable effect on 
availability also tend to be chosen more frequently. bela a 
intuitive that those items deemed most reliable or nest 
expensive will be picked much less often or possibly not 
atl. Therefore, as the benchmark percentage BRF is 
increased the range or number of ‘types of parts selected 
increases very little because those parts yet unselected for 
placement in the PUK do not yield sufficient availability 


increases per dollar investment. 
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Figure 4.5 Parts Required as Function of BRF. 


Sie ffects of Varying the Operating Level Parameter 


At first, it was assumed that a change in the oper- 
ating level (OL) parameter would give the same results as 
those oktained when the BRFs were changed by a similar 
amount. Hewever, as Figure 4.6 shows, this was not the 
case. As can be seen in Figure 4.6 the parts that are 
chosen in each PUK are close with respect to range. The two 
lower lines shows that the number or different types of 
parts spared, the range, is virtually the same for either OL 
Ge BREF changes. However, one sees that the depth of the 
Spares within the PUKs is more variable when the individual 
item BRFs are changed. ACIM ranks each item in each itera- 
tion in terms of which items yield the largest reduction in 
MSRT per dollar invested. It can be seen in Figure 4.6 that 
even though the rances remained equivalent the total parts 
levels were more sensitive to BRF changes. The benchmark 
parameters force intersection of the two total parts curves 
at the 100 fercent pcint. 
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Figure 4.6 Comparison of PUK Parts: OL and BRF Cases. 
The result of this disparity in slope between the 


mao tCctal parts lines in Figure 4.6 causes a similar pattern 
in investment dollars. This can been seen in Figure 4.7. 
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This case was studied ext2nsively. When user-MSRT 
was changed both Navy and DLA user-MSRT were always of equal 
value and changed egually even though in the single-Site, 


single-echelon situation only Navy user-MSRT played a role. 





In Figure 4.8, investment runs a rather jagged 
upward trend. Figure 4.9 reveals some of the factors that 
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Figure 4.8 Investment as a Function of User-MSRT. 


Greate the relatively flat pcertions in Figure 4&.8. When 
user-MSRIT changes freom 12 days to 13 days the most expensive 
part in the allowance list, a complete engine costing 
$603,000, becomes attractive for PUK sparing by ACIM. This 
creates the large sfike in achieved availability seen in 
Figure 4.1, although the target availability remained fixed 
at 82.4 percent. As cne continues to increase user-MSRT, no 
previously unstcecked items are added to the PUK until 
user-MSRT advances to 18 days. During this period, 13 thru 
17 user-MSRT days, tke achieved availability spike is whit- 
tled dcwn toward the target availability of 82.4 percent by 
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Pigure 4.9 Stockage Range as a Function of User-MSRT. 


cnly modestly changing the PUK sparing investment while 
user-MSRT continues tc climb. 

There is considerable variability in investment 
change per user MSRT day. However, a rough rule of thumb 
for this data base is: for every one day increase in 
user-MSRT there is abcut a $130,000 increase in the cost of 
the PUK in crder to maintain the target availability of 82.4 
percent. 

The performance State stics section of the 
Statistical Summary keport yield statistics on fill rate, 
expected units short and backerder days. The performance 
results cbtained in this ccnstrained availability environ- 
Ment are shown in Figure 4.10. The results are surprising 
in that as the number of user-MSRT days is increased there 
is a decrease in backorder days, an increase in fill rate 
and a decrease in expected units short. Tis LSecOuncenr— 
intuitive since it seems that an increase in waiting tine 
for a part should generally cause performance to deterio- 
rate. A mere complete analysis of this result is addressed 
in the budget-constrained, user-MSRT section. 


3) 6) 





aL Dt rc ie a mata | 


owmee le cease am ewerae a cnc amine: 


94 


92 


ares 
cote ge 0 ommcee abos aecee rans antec on sates sone 


PERCENT FILLRATE 


90 


ee ee eee 





20 
USER MSRT IN DAYS 


| 
| con ose) jena eee a oe 

ARERR 
ype \ } | | 
< o|i | Le 
ao See ce ecb cnc ene ee Med cok onSnees «| conmanaunes §eetummeka co dows amnscne =} <sacmeceus 
Ae it 
5 |! { | 
x 1 Cera 2 
x | 
3 sy 


eli) 6 ae a a) co a ce gat a eee SE Se SS SS Se 





tO 13 20 23 30 


cr mi a a ts I es ee vl ces ile 


Figure 4.10 Performance Results with Variable User-MSRT. 


me frfects of Varying MTTR 





MTTR for a system is a constant for ACIM purposes. 
The benchmark MTTR was .062 days or 1.488 hours. One can 
see, in Figure 4.11, that cver a fairly wide range cf hours 
per repair the investment in the PUK rises relatively 
foe cle. This is tc be expécted because of tha low impact 
Mitek has in the availability formulation used by ACIM. 

This does net imply that an increase in MTITR from 
1.1 hetrs te 2.6 hours would not severely hamper the ability 
cof the LAMPS MK III to sustain high tempo operations. 
Rather it indicates that the ACIM does not weight MTTR 
heavily in its determination of stockage levels. How much 
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Figure 4.11 Investment as a Function of MTITR. 


ACIM underestimates the true effect of an increase in MTTR 


is not known. 


De. BUDGET-CONSTRAINED OPTIMIZATIONS 


In this section the budget is fixed at the benchmark 
mere Of $5,222,378. The format of the analysis o£ this 
section will be the same as in the previous section with 
Begard to crder of fresentation of results. The emphasis 
will be on availability and the PUK configuration but the 
perfcrmance statistics from the Statistical Summary Report 


will alsc be discussed. 


lies BEEtects of Varying Unit Costs 


Via a data txransiation program each unit cost in the 
I-card (item) data kase was changed an amount designated by 
the user. 

One sees in Figure 4.12 that there is no effect on 
the variables in the maxipum availability calculation 


because the A, maximum remains constant at the benchmark 
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Figure 4.12 Achieved Availability vs. Unit Cost. 


value of $5.19 percent. However, the effect on the achieved 
operaticnal availability due to uniform unit cost increases 
is devastating. ACIM depicts the reduction in achieved 
availability as roughly linearly decreasing as unit cost 
increases. For the LAMPS MK III data used in this study a 
10 percent increase in unit cost creates about a 3-4 percent 
decrease in achieved cperational availability. 

The lower line in Figure 4.13 shows how the range of 
the PUK is depleted as unit cost increases. The upper, total 
parts, line shows hcw the total number of spares decreases 
aS unit cost is increased. 

Increases in ktackorder days are experienced as unit 
costs increase. The primary reason for this is that as 
price is increased the stcckage level drops; thus, the 
greater is the chance that demand will exceed stock on hand 
therekty driving backcrder days upward. This in turn drives 
the expected number cf units short upward and the fill rate 
down. These results are graphically represented on the 
three graphs located in Figure 4.14. 


2) 












9 
a UEP GE: GR GES GE GEESE? GG EES a ee eee ee ee ee Oe ee ee ee oe ne ae? ee ee OO ee ee a ee ee ee ee eee ee ae ee ee 9] 
| rf 
VW) 
| ’ S 
U) 
% Oo 7) 
q & UO g “4 
x 3 - 
wS » ron) 
ie O W) rl 
On ac el 25 m 
o2 = ==) g a A 
é = & la 4 T | 
M ‘@) G4 z x 
N Oo gm rar ss Vv) 
6 N pes O ye x b° - td 
Ow oO 3 on 4 ri) 
<2 2 5 : ae: : 
Oo 2 a » 8 2 
® “4 = ly y ~ A 
a4 - ra & c,- If 
n 8) rss oa. = 
a =) | eo a e e £4 
=] -* +) 
Pry a 
o. 0 Le | g uw 
= a uv) 1Z 02 64 @1 ra! Gl > 
O wo 1YOHS SUNN 03193dx3 es 
= a 
Zz A WV} 
o 2 ov ain eam ie g w 
=e vu) sea | ‘ ec 
: ° : 
s GG es a 
I So fe wkss ' ay g r rs) 
Y : o oO ci 
o v) ae o 
j- @ ) —_ =| 
> | & ! 12 x ae rr 
ev Mg | < : © 
OU x 
| soe 2 re 
=o ao 3 8 & rin) 
= = 3 Ay 
; : : ; : : : : ae] o © 
i ae ee: ie Je @ ef 
—o ese FC + : : + 
sO phew te de cad ee cew tere aee seen ccwatestocens Bars ware te. ones Se 3 rf 
02S oRP Ory OOF QV ( lg : e 
Sluvd JO Y3IBWNN ~ | {| a ae - = 
| tr 39VIN3DN3d Jive SAVG 4304OMDVE wv 
| ca | 4 
fry \ =) 
Lo.) 
“rf 
it ¥) 


SE a ee ee a SE er ee ee ee (SS PE GS Cege GR e  e qE ee eee 


a9 





Peueecenects Of Varying PERF 





Figure 4.15 depicts the downward trend in naxinun 


availability and achieved availability, as BRF is uniformly 
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Figure 4.15 Availability vs. Percent BRF. 


increased. This is what one would expect. As the failure 
rate is increased through increased BRFs, the reduced 
Maximum availability is expected. Tne downward trend in 
maximum availability places increased pressure on achieved 
availability. While the budget is kept fixed, achieved 
availability is also affected by the increase in individual 
item ERFs. The result is that the achieved availability 
decreases at a faster rate than the maximum availability. 
This is clearly seen in Figure 4.15. 

Due to the Eudget constraint, ACIM envisions a 
slightly decreased range but increases depth in an attempt 
to optimize availability. This is demonstrated in Figure 
a oe This is the first time this result was seen. The 
Calculations used by ACIM appear logical. As BRFs increase, 
the usage cf all parts is increased. ACIM in turn slowly 
sacrifices the items with the least marginal return fron 
Tange while it must increase the depth of some of the 


Temaining parts. 
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Figure 4.16 Sparing Total Parts and Range vs. BRF. 


When BRF increases, the demand for spares increases, 
and thus backorder days rise as demand rises above supply on 
hand. This causes an increase in expected units short anda 
reduction in fill rate. This can be seen in the 


performance graphs presented in Figure 4.17. 
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Figure 4.17 Performance Results with Variable BRF. 
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This site data parameter called Operating Level (OL) 
yields availability results Similar to those created bya 
unifcrm percentage change in BRF across items. There are 
however, differences between the two approaches in how ACIM 
spares FUKs. 

In Figure 4.18 one observes that the maximum avail- 
ability cbtained when using ACIM and changing the OL is the 
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Figure 4.18 Availability vs. Operating Tempo. 


exact path followed fcr maximum availability in Figure 4.15. 
Figure 4.18 has horrcewed the achieved availability line from 
Figure 4.15 and juxtaposed it with its OL counterpart. 
Changing the BRF of each item is shown to decrease achieved 
availability faster than changing the OL paramter. 
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PeimoOrnetmmacspects Of CGhanging the OL factor yield 
results which are identical to the benchmark case. That is, 
changing OL in a budget constrained optimization dces not 
affect range, depth, fill rats, backorder days, or expected 


units shert for the EUK selected. 





The user-MSRT changes provides no startling results; 
the mcdél appears tec operate and stock the PUKS in the 
Manner expected. 

Figure 4.19 shows the drop in achieved operational 
availability as user-MSRT is varied between ten and thirty 
days. Since the maximum availability calculation assumes an 
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Figure 4.19 Availability vs. MSRT. 


MSRT of zerc, the maximum availability calculation performed 
Ey ACIM is unaffected by changes to MSRT. For the LAMES MK 
III availabilty-centered allowance list utilized in this 
study, ACIM predicts slightly more than a one percent 
decrease inavailability for every one day increase in 
user-MSRT. 
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In the case cf increasing BRF, RET? attempts £9 
slowly sacrifice range for increased number of total farts 
em Obtaining its solution. The tradeoffs made by ACIM when 
faced with increasing user-MSRT are Similar to those used 
when faced with increasing BRF. This is depicted in 
Figure 4.20. 
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Figure 4.20 Sparing Range and Total Parts vs. user-MSRT. 


The performance results with increasing MSRT as 
compared with increasing BRFS run in opposite directions. 
This is seen by contrasting the graphs in Figure 4.17 with 
those in Figure 4.21. The graphs in Figure 4.21 show that 
ACIM predicts a decrease in the total number of backcrder 
days (and, consequently, an increase in fill rate anda 
decrease in expected units short) With an increase in 
user-MSRT. These results are counter to what one would 
expect to see. One fossible explantion for the performance 
cbserved in Figure 4.21 is that the increase in user-MSRT 
results in decreased range and increased depth of the less 
expensive items. This would pessibly result in a reduced 
number of stockouts. 
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Figure 4.21 Perfcrmance Results with Changing MSRT. 


In crder to ke able to determine whether there was a 
programming problem with ACIM the data translation program 
used to vary I-card BRF and unit cost data was modified. 
The data translaticn program was changed so that each item 
Within the availability-centered allowance list, I-cards, of 
the LAMPS MK III was given the same BRF of .5 per year and 
the same ccst of 1000 dollars per item. If backorder days?? 
continue to decrease with increasing user-MSRT when the data 
Ease has been cenfigured in this way, then it is safe to 
deduce that there is either a problem with *the programming 


used in ACIM or there is a fpreblem with the model theory. 


12The result of the backorder days calculation drives 
the ccmputation of bcth fill rate and expected units short. 
For details see Reference 71. 
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In Figure 4.22 the graph on the left represents the 
trend of investment as user-MSRT is increased nus) el 
constrained availability environment while using the uniforn 
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Figure 4.22 Oniform BRF and Unit Cost Results. 
ERF and cost data as described above. One sees that the 


investment increases as user-MSRT increases. This is intui- 
tive and agrees in direction with the results obtained when 
the user-MSRT was varied uSing the original item (I-card) 
data. The graph at the right side of Figure 4.22 portrays 
the downward trend in availability as user-MSRT is increased 
uSing the uniform ERF and cost data base in a  budget- 
constrained environment. This is analogous to the results 
obtained with the original I-card data. 

Thus far in this section it has been shown that the 
data ktase with uniform item BRF and unit cost yields results 
rarallelling those cf +he original data base cf I-cards. 
That is, inall constrained availability scenarios invest- 
ment rises with increases in user-MSRT, and o2n eall 
constrained budget scenarios availability decreases with 
increases in user-MSRT. Now attention is turned to the 
performance statistics one gets with the data base of 
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uniform unit cost and item BRF. If the results parallel 
those of the original data base of I-cards then a preblen 
with ACIM has been found. 

Figure 4.23 resents the performance results when 
the unifcrm I-card data base is used. The top three grarhs 
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Figure 4.23 Performance Results: Uniform Unit Cost and BRF. 


of Figure 4.23 represent the performance results in an 
availability constrained eénvironment. The bottom three 
graphs of Figure 4.23 represent the performance results ina 
budget-ccnstrained environment. Although the magnitudes of 
the results differ greatly with the original LAMPS MK IIT 
data it is easily seen that the trends areall similar. 
That is, as user-MSET increases, backorder days decreases, 
expected units short decreases, and the fill rate increases. 
Since these results are impossible for the example investi- 
gated here, it is clearly the case that some of the perforn- 
ance statistics produced by ACIM are incorrect. 
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5. Effects of Varying MITRE 


The effect of changing MTTR on availability is seen 


in Figure 4.24. Fer a fixed budget, changes in MTTR do 
affect maximum availability and thus affect the percent 
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Figure 4.24 Availability vs. MTTR. 


achieved opertational availability. However, stockage level 
computations in this single-echelon, Single-site scenario 
with the LAMPS MK III are not affected by changes MTTR. 


Ee FIXEC-STOCKAGE PERFORMANCE 


ACIM, versicn 2.0, has the ability to use any one of 
seven ccmparison policies. The one explored here is a 
user-defined compariscn pclicy which fixes the stockage 
levels of the PUK. The author was was interested in deter- 
Mining hcew ACIM viewed the “optimal” results produced by the 
Availability Centered Inventory Rule (ACIR) compared with 
the "sub-optimal" results that must be produced when PUK 
inventory is held ccnstant and parameters are allowed to 
vary. For this study it involved taking all benchmark 
I-card, L-card, and A-card data and parameters and letting 
ACIM sclve for the inventory level in an availability- 
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constrained optimization. The availability constraint was 
set at 82.4 percent. The resultant PUK inventory levels 
were then entered on J-cards. By selecting the user-defined 
compariscn folicy, it was possible to freeze the items in 
inventory at the levels now defined by the J-cards and 
compare the results with the Availability Centered Inventory 
Rule (ACIR) sparing. Since the J-card comparison stockage 
levels were fixed, the only peaningful direct compariscns 
that cculd te made with this fixed-stockage policy were with 
the ACI results from budget-constrained optimizations. 
This is because each policy would have the same budget 
(investment level) and therefore a basis for comparison. 
Availability-constrained optimizations were not suitable for 
GOmpatiscn with the fixed-stockage cesults because there 
lacked a common basis for comparison. 

When parameters were changed, the fixed-stockage pclicy 
could always be purchased with the same level of investmen« 
but the resultant achieved operational availability would be 
lower. When parameters were Changed, the ACIR 
availability-constrained results would always yield abcut 
the same achieved orfeéerational availability but the invest- 
ment level would vary. Mnererote, the PUKS selected by 
avalilability-constrained ACIR optimizations were not compa- 
rable with fixed-stockage PUKS because neither availability 
or investment provided a basis for comparison. 

Cemparisons between budget-constrained ACIR optimiza- 
tions and the fixed-stockage PUKs could not be made when 
unit costs were varied. This is because the fixed-stockage 
levels always produced the same operational availability but 
at a different investment level than the buget constraint 
Moet azed in the ACIR cptimizations. So again, there was no 
basis fer ccmparison. However, when parameters varied, the 
investment for the fixed-stcckage policy always equalled the 


investment limit used in the budget-constrained ACIR opti- 
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mizations; so there was a basis for comparison. Therefore, 
this section will deal with the budget-constrained optimiza- 
tions as they compared with fixed-stockage (J-card defined) 
FUKS as cne of the fcllowing four parameters was varied: 1) 
I-card BRFs; 2) LI-card operating factor; 3) user-MSRT; and 
4) MTTR. 

These ccmparisons attempt to explore what ACIM envisions 
Bight happen if the parametric values change over time and 
one is ferced to remain at a predetermined level of stock as 
compared tc reoptimizing the stock leveis of the PUK as the 


parameters change. 


The first ccmtpariscn made is between the achieved 
operational availability under the two policies each with 
the same budget. This 2SgmepLGeed in Figure 4.25. The 
contention that the ACIR availability is optimal is not 
violated by these results. In cther words, ACIM does indeed 
show that the fixed-stockage (J-card) achieved availability 
is at all points less than or egqual to the ACIR achieved 
avallability. It is also noted that the reduction in the 
percent availability achieved by the fixed stockage (J-card) 
FUKS was exactly 30 percent of the increase in BRF. Pn cae 
extreme case in Figure 4.25, the BRFs increased by eighty 
percent over benchmark levels while availability dropped 
twenty-fcur percent. 

An é€ighty percent increase in BRF causes a dramatic 
drop in availability for both ACIR and fixed-stockage 
(J-card) PUKs. However, what is surprising, is how clesely 
the sub-cptimal, fixed-stockage (J-card) policy availability 
Parallels the “optimal", ACIR results. Even at the extreme 
point cf eighty percent increase in benchmark BRFs, there 


was only a six percent difference in availabilities. 
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Figure 4.25 Ao Comparisons: Fixed Budgets, Variable BRFs. 


The performance statistics of fill rate, expected 
units shert and backcrder days were examined next. ACIM 
computational results in these areas agree with the avail- 
ability lines. In Figure 4.26 the fill rate lines are 
depicted. This shews that as BRF is increased fill rate 
drops less rapidly wken the card "optimal" PUK can be picked 
éach tire. Since ACIR is allowed to pick a new PUK, its 
relatively ktetter performance in reduced backorder days, and 
expected units short was anticipated. 


2. Effects cf Varying the Operating Level 


ACIM does not respond well in this PUK (COSAL only) 
scenario to changes in the L-card OL variable. The fixed- 
stockage (J-card) maximum availability line follows exactly 
the ACIR maximum availability line. This was expected. 
However, across the entire range of percent BRFs there was 
consistently only a .03 percent advantage in achieved avail- 
ability for the ACIR PUK. Fill rate, backorder days and 
expected units short all remained at exactly the same level 
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Figure 4. 26 Performance Comparisons with Variable BRF. 


that was dericted when the benchmark parametric values were 


used. 


Petter ocets Of Vatving MSRT 





The compariscns here were again not generally intui- 
eave. The achieved availabilities under the fixed-stockage 


(J-card) pelicy were always less than or equal to their ACIR 


counterparts as can ke seen in Figure 4.27. However, as 
MSRT increased, all cther performance statistics remained 
exactly at their benchmark values. Clearly these results 


posted by ACIM for the fixed-stockage (J-card) comparison 
Folicy de not reflect a true accounting of what one might 
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Figure 4.27 A, Comparisons: Fixed Budgets, Variable MTTR. 


expect with increasing MSRTsS; since a change in user-MSRT 
must impact backorder days, fill rate, and expected units 
Saort. 


The results in varying MTTR were analogous to those 
of varying the Operating Level (OL) parameter. As MTTR 
increased, maximum availability fell in the fixed-stockage 
(J-card) BolmMeyeeXactly aS it did £o0r the ACIR policy. 
However, achieved availability for the fixed-stockage 
(J-card) policy remained parallel to the ACIR policy. The 
fixed-stcckage (J-card) policy was at all points only .03 
percent lower than the ACIR policy. The rest of the 
performance statistics remained unchanged fron benchmark 
values as the MTTR was varied. 


Fo. MISCELLANEOUS FINDINGS 


ACIM utilizes an override code system on its item data 


cards which enables the user to influence certain aspects of 


a3 





the stcockage and other computational results. The cverrids 
code Y, is designed to tell ACIM that the part having this 
code is to be included in all model processes but a zero 
stock levelis to fre assigned for both the Availability 
Centered and Compariscn Policies [Ref. 11]. However, the 
Y-coded items have aoconfusing effect on the concept of 
Geeitality. 

The confusing impact on the concept of optimality by use 
of Y-coded items will be demonstrated via the effect on ACIR 
when a Single item is changed from having no override codé 
to having ayY override code. The item studied was the 
engine part number 6043T80601. In the benchmark case ACIR 
Spares the PUK with cne engine. When ACIM is allowed to 


spare while constraining availability to 82.4 percent the 


resultant investment is $5,222,378. If the engine is 
wcoded, ACIR still uses the BRF of the engine in its 
Maximum availability calculation. ACIR recognizes tnat the 


engine is in the data base fcr maxinum availability computa- 
tions, but ACIR is net allowed to spare this part. By adding 
foes) CCStraint, in crder tc be consistent with a neticn of 
optimality, this shculd have the impact of ending witha 
solution that yields less availability per dollar invested; 
but this does not harpen. 

As previously stated, the engine is spared in the 
availability-constrained benchmark PUK, and the benchmark 
Meeecost $5,222,378. The achieved availability is 82.97 
percent. When the engine is Y-coded and ACIR is again given 
aimavailability constraint of 82.4 percent, ACIM reforts 
that the PUK required to reach an achieved operational 
availability of 83.26 percent can now be purchased for 
$4,619,378. This wculd imply that the original solution 
produced without Y-ccding the engine was sub-optimal. The 
otiginal scluticn is considered sub-cptimal because the 
investment per unit cf achieved availability is higher than 
when the engine is Y-coded. 
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The benchmark investment exceeds the case where the 
engine is Y-coded Ey exactly the price of the engine; 
however, the achieved operational availability of the bench- 
Mark casé€ is slightly smaller. This shows that the solu- 
tions which are generated from data bases having dissimilar 
Mumbers cf Y-coded items can not be directly compared and 
have the nection of optimality remain intact. 
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V. CONCLUSIONS 

Ths sccpe of the problem that ACIM attempts to handle is 
enormous. In many regards the author was encouraged that 
ACIM may be able to frovide seme insight intc how to prep- 
ezly spare the LAMPS MK III Pack-Up Kit (PUK). The enthu- 
siasm of getting intuitively appealing results must however 
be tempered by the knewledge of the modelling assumptions 
and scme specific examples that point to incongruous 
results. 

The effects on LAMPS MK III PUK as the benchmark parame- 
ters were varied in the availability constrained scenarios 


acre summarized as follows: 


e stockage investment varies in the same direction and 


Magnitude as unit cost changes; 


e each ten percent increase in the BRF of all parts yields 


reughly a $235,000 increase in investment; 


e each ten percent increase in the operating level paran- 


eter yields a $132,000 increase in investment; 


e €ach cne day increase in user-MSRT yields a $130,000 


increase in investment: and 


e each one hour increase in MTTR increases investment by 
$278,000. 


These are lecal results; that is, they are in the neighbor- 


hood cf values ACIM expects. 
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The effects on LAMPS MK III PUK achieved operational 
availability as the renchmark parameters were varied in the 
budget ccnstrained scenarios are summarized as follows: 


e €ach 10 percent increase in unit cost creates approxi- 
mately a 3.65 percent decrease in achieved operational 


availability; 


e each 10 percent increase in BRF of all parts yields 


roughly a 2.25 percent decrease in achieved oferational 
avallability; 


e each 10 percent increase in the operating level is 
accompanied by a 1.3 percent decrease in achieved opera- 


tional availability; 


e each one day increase in user-MSRT yields about a cne 
percent decrease in achieved operational availability; 


and 


e each one hour increase in MTTR decreases achieved opera- 


tional availability by approximately 2.1 percent. 


These ,acain, are local results. 

The comparisons between achieved operational avaii- 
ability forthe budget ccnstrained optimizations of the 
LAMPS MK III PUKs and those PUKs whose inventory level is 
frozen yield some surprising results. The comparison 
rketween achieved operational availability shows that the PUK 
that retains a fixed level of inventory yields only slightly 
sub-cptimal results in most cases. The performance statis- 
tics generated by the fixed-stockage comparison policy and 
ACIR are not generally comparable. The conclusion was that 
the user should place low confidenca in ACIM's ability to 
perform a meaningful comparison between ACIR results and the 
fixed-stcckage pclicy as defined in this study. 
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Mhe results of the performance statistics were trouble- 
some in the scenarios where the user-MSRT was varied. The 
counter-intuitive directions of the performance statistics 
lines were not the result of unanticipated marginal trade- 
ceffs unigue to the LAMPS MK III data base. This was shown by 
letting the price of all items and the BRF of all items in 
the availability centered allowance to be of uniform value 
and ckserving that all trends in the Statistical Summary 
Report remained the same as with the unaltered LAMPS MK III 


data. that is, as user-Mean Supply Response Time (MSRT) 
increased tackorder days decreased, Ffillrate increased and 
expected units short decreased. This implies that as 


user-MSRT increases ferformance gets better. Therefore, the 
model outputs for the performance statistics should be 
considered unreliable. 

The analyst using the operating level parameter to 
reflect changes in cperating tempo should be aware that a 
given percentage change in the operating level parameter is 
not identical with applying that same given percentage 
change unifcrmly accress the Best Replacement ractor of all 
the items in the item data base (I-cards). 

ACIM in this single-echelon, Single-site environment can 
give the user some insight into complex interrelationships 
that exist among the parts contained in the availability 
centered allowance of the LAMPS MK III. The results of ACIM 
should net be taken literally but should be taken as sSupple- 
mental analysis to be used as an input to the LAMPS sparing 
problem. The difficulties with developing a suitable data 
Fase and the general reservations previously expressed abcut 
the availability calulation do not render the model 
unusable; but, the user must be aware of the limitations 
and restrictions imposed by the use of ACIM as a decision 
aid fer ¢paring. 
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INPUT DATA 


There are two general classes of data aré defined as 
fnputs to the Availability Centered Inventory Mcdel, 
system-related data and item-related data. The systen- 
related data isa file with records in different formats 
which give policy parameters, default values, model cptions, 
and definitions of sites involved in the operation/support 
cf the equifment. The item-related data gives a variety of 
factors that define and describe individual parts within the 
equipment. A basic set of item data is given in one file, 
With additional item data being given (optionally) in a 
second file. The various input files and included record 
formats are identified as follows: 

System Data File: 
Format A = Options and Default Values 
Format FA - COSAL Policy Parameters 
Format FB ~- .42 Provisioning Parameters 
Format FC - UICP Wholesale Policy Parameters!3 
Format L - Site Data 
Item Data File: 
Format I -~ Basic Item Factors 
Additicnal Item Data File (Optional): 
Format J - MSRT Parametars and Specified Levels 


For a few data elements, default values are automati- 
cally inserted by the model if not given in the input data. 
These data elements and their default values are identified 
in the data definiticns given below. Also, whenever a data 


element ccnforms exactly to one contained in the Supprly 


13FB and FC are neot used or discussed in this thesis. 
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Management Frogram Standard Data Element Dictionary, (NAVSUP 
Fublication 508, DEN Dictionary) the DEN reference will be 
cited and a brief description will be given inthe data 


definiticns below. 


1. SYSTEM DATA FILE 


The System Factors file contains three different 
formats as illustrated above. The formats are identified by 
emmalphaketic letter in column one of each record. ie ops 
the records are sighty columns long. They are arranged in 
sequence according tc the format idantification in cciumn 


Cn?e 


mommAL A - OPTIONS AND DEFAULT VALUES. Ther? is one reccerd 
in this format and it must always be first in the Systems 
Factor file. Included data elements provide default values 
for various parameters and controls used by the model. 368g 
the modél is run interactively, some of these data elements 
may ke changed during the session. Data elements given in 
Format A ar¢ defined as follows: 

meneAr ENDENTIFICATION. An "At" as aunserted in the 

peace COLUMN tO 2dentify this format. 


RUN INDENTIFICATION. Text “eucored. in. this’ fieid*is 
Peanted at the top of all ocutput reports to identify 


the particular run of the model. 


OPTIONS. Entries in these fields control various 
features or operations of the model. Currently, the 
first four of the ten option fields are defined as 


follows: 
Teese ORNEUT TYPE. This Option Is left blank if 
the MEC codes (1 = vital, 3 = nonvital) are to be 
used. If any mark (e.g., "X") ais entered, then 
MCO codes (values = 1- 5) are assumed to have 


been entered instead. 
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Zee ee USE. im anvenanrk cmenrtered (Cag., "X"), 
tken the MEC ccdes will be used in the optimizing 
procedure. iopelettamotank, “~alicsitems will be 
assumed equally essential in the optimization. 


a DEE wat eS TL « If left blank, the default 
MSRT's (defined below) for user sites are assumed 
to include the Order and Ship Time (O&ST) as well 
as expected delays due to shortages of higher- 
level stocks. If any mark is entered (e.g., "X"), 
then the O&ST is excluded from this factor (the 
model will add the O&ST from Fcrmat L_ data, 
défined belcw to the Default MSRT). 


4. LEVELS FORMAT. If this is left blank then 
Fcrmat K results frcem previous use of ACIM. Any 


mark will envoke the case of Format J. 


EQUIEMENT TTR. Enter the Mean-Time-to-Repair the 
equipment upon failure, in days. This is the time 
required to acccmplish the repair assuming all required 


repair parts are immediately available. 


A TARGET. Enter the operational availability target as 
a fraction (including the decimal point). The model 
tere buztd “Gp stockages until this target or ths 


investment target, given below, is first reached. 


PUVESTMNENT TARGET? Enter the investment target, in 
mrousama or dollars, in this field. Enter a large 
number (€.9., 1S na co Lani s) if reaching the 


availability target first is to be insured. 


COST-EFFECTIVENESS CONTROLS. These fields are used to 
centrol the BEOGuct 100 Of the Cost-Effectiveness 
EeDCrt . In general, the optimization algorithm cper- 


ates in an iterative fashion, each time adding one unit 
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Tometock, As a unit is added to stock, a line of data 

may appear on the Cost~- Effectivaness report if any cone 

cf the conditions based upon the following data occurs: 
DELTA UNITS. A lane of data is produced for every 
Wet aemaadaded Co Stock, where n is specified in 
this field (e.g., if a5 is entered, then a line 
of data appears on the report for avery fifth unit 
added to stcck.) 


DELTA A. A line of data is produced whenever the 
achieved A first exceeds an intergral multiple of 
this value. For example, if .05 is entered, then 
a line of data appéars whenever the Ao reaches 
Uo scl Ot ve Ie 2 Uy «a etc. 


DELIA $. A line of data is produced whenever the 
achieved investment first exceeds an integral 
multiple of this value. For example, if 1000 is 


entered, then an line of data appears whenever the 


total investment reach 1000, 2000, 30:00 
wereeeee CCe COllars. 
PART NUMBER Set} F358) SaZ ie In the Part 


NumberysNomenclature field of the Item Data records, the 
left-hand side is used for Part Number and the right- 
hand side is used for Nomenclature. Since the Part 
Numker may vary in size from one application to 
another, the number of positions used is specified in 
epics field. 


RESEONSE TIMES. This is the average length of time, in 
days, required for a user of the equipment to oktain 
resupply from a higher supply source. There are two 
entries, one for Navy COG items, one for DLA COG items. 
The response times include administrative and transper- 
tation delays, and also a delay attributable to the 
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chance that the higher supply source may be out of 
SiLOck « In most applications of the model, these 
response times are set by management as Navy standards. 
These factors and the Depot PLT and Depot Repair Cycle 
factors in the next two fields are used if COSAL levels 
cnly are to be calculated by the model; for multi- 
echelcn applications, equivalent values are determined 
by the model itself. 


EEPCT PLT. A default value for depot procurement lead 
time (total time reuired to procure material frem a 
manufacturer) is entered here, in days. This valu? is 
used whenever the procurement lead time field in the 
Additicnal Item Data file is left biank. 


DEFCT REPAIR CYCLE. A default value for the depot 
repaiz cycle, in days, is entered in this field. This 
value is used whenever the depot repair cycle field in 
the Additional Item Data file is left blank. 


SCRAP RATE. A standard scrap rate 1s entered in this 
puetd as a fraction (e€.g., 0.05). This is used as a 
default whenever the corresponding field in the 
Additicnal Item Data file is left blank. 


PemumALT FA =- COSAL FEFCLICY PARAMETERS. Thete.ws: only .one 
record in the "FA" format; it gives factors needed fcr oper- 
aemon of the HCO and FLSIP COSAL policies. The data 
elements are defined as follows: 


PeCeririCcATION. Ane (PAM Sa seencercd co: identify this 


fOr matic 


TYPE OF DATA. Two words "COSAL PARAM." are entered to 
identify the type of data entered on this format. 
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MCO FORMULA PARMETERS. iNeee | stactors used ae] cocf fi- 
cients in the MCO risk formula are provided in these 
Pred Ss 


MCO RISK FLOORS. Minimum values for the risk factors 
calculated by tke MCO risk formula are entered in these 
fields for the 4 values of MCC code. 


MCO RISK CEILINGS. Maximum values for the risk factors 
calculated by MCO risk formula are entered in these 
fields for the 4 values of MCC codes. 


PEourP EARAMETER. A parameter used by the FLSIP COSAL 
policy is entered in this field. This parameter repre- 
sents an annual demand threshold for stocking an insur- 


ance level for essential items. 


CNA Peclicy Parameter. A parameter used by the CNA COSAL 
rcelicy is entered in this field. This parameter repre- 
sents an annual demand threshold for stocking an insur- 
ance level for essential items. 


mermeat & —- SITE DATA. There is one record in the "“L" format 
EOL each different kind of use2r or higher level 
mMaintenanceysupply activity in the support system for the 
equipment. The model is limited to ten such activities; 


thus, the number of Fcrmat L records must be ten or less. 


IDENFICICATION. An "ZL" is entered to identify this 


mom ta ts 


SITE NAME. Any text that identifies the site may be 


entered here (entry is optional). 


INDENTURE LEVEL: Records for top-level ites must have 
an Indenture Code of 1, the next-lower site Indenture 
Cede of 2, atc. This continues down the support system 


hierarchy until lowest level (user) sites are reached. 
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PECHELON. In a multi-echelon support systen, the 
echelon at which this site is positioned is entered 
here. For COSAI computaticns only, just user sites are 
defined in the "L" format and a1" is entered in this 
field. 


STOCKAGCE FACILITY. Tf the site maintains inventcries 


cf spares enter any mark. 


REPAIR FACILITY. If the site accomplishes shoo mainte- 


nance enter any mark. 


PeAD TIME. The average length of time required, in 
Gaye,  £OL this site to obtain tesupply from a higher 
supply source assuming that supplies are immediately 
available at the supply source. hE COSALS Only arte ito 
Be Calculated and Option 3 is left blank, een ra enuu 
must be entered since this factor is included in the 


average response times given in "A" format data. 


REPAIR CYCLE. Enter the average repair cycle, in days, 


for items that are normally repaired at tnis site. 


NieeR OF GOCATICNS. Enter a "1" af COSALS only are to 
te computed. In a multi-echelon case, the number of 


different locaticns represented by the site is entered. 


NUMBER OF EQUIPMENTS. Enter the number of equipments 
to ke supported at the site. Ret. 1s wen fet eas foc 
nen-user sites. This factor is usually the one which 


causes one site to be distinguished from another. 


COMPARISON POLICY. One of the following codes is 
entered to identify the Ccmparison Policy to be used: 

1 - 25 FLSIP 

Zo -SeNA COSA L 

ca Ne C=COSAL 


30 - .42 Provisioning 
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31 - UICE Wholesale 


50 ~- Previded by Format J input 


51 - Prectection Level 


Gre POLICY. Goce oO Lor TOsecimization, "EE" for 
Enhanced, and "“F" for Fixed (freeze compariscn pclicy 


levels). 


CPERATING FACTOR. Thies 25 aqentitied at the bpottcn of 
mmmetne FTl.<€.2 as the variable OL. 


LEVELS OUTPUT FCRMAT. Entries in this field are op2ra- 


tive only if Format J is selected and then the compar- 
meen pclicy Level is output. 


2. ITEM DATA FILE 


The Item Data file contains one record for each item 
of the equipment to be included in the operation of the 
mod2l. Even though data corresponds +o values of an 
Override Code given as one of the data elements; the length 
cf the reccrds in this file must be at least eighty columns. 

FORMAT IDENTIFICATION. See vies Shterbed sin . this 


cclumn to identify the record format. 


REFERENCE NUMBER. The entry in this field is used to 
identify the item and its position in the parts break- 
dewn cf the equipment. Any one of several ceding 
schemes may be used as long as the item records, when 
sorted on this field and the Part Number field defined 
kelow, are in tcp-down, breakdown sequence. The field 
may be left blark if the records in the item data file 


are positioned in top-down, breakdown sequence. 


INDENTURE. A number (1 - 9) is entered in this field 
acccrding to the indenture level of the item in the 
Farts L-reakdown of the equipment. A "1" is always 
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entered in the first item record which represents the 


equipment itself. 


FART NUMBER (DEN DO46D,7C002B). Enter the NIIN/NCN or 
Guie> Part or stock number, if available, scene alageayii 
identification purposes. ERtEles in this field are 


optional insofar as mcdel operations are concerned. 
The maximum size of part mumbers entered is specified 
ty field size given by Format A data. The rest of the 
Fart Number/Nomenclature field 1S assumed to be used 


fer Nemenclature. 


NOMENCLATURE (DEN C004). Enter textual data that iden- 
tifies or describes the iten. Entries are optional in 
maas f£2eld. 


COGNIZANCE CODE (DEN C003). Enter a code identifying 


the management ccgqnizance of the item. 


NUMBER PER NEXT HIGHER ASSEMBLY (DEN DQ11). Enter the 


MincebeeO@t WhltS Of the item in its next higher 


assembly. If left blank, a default value of "1" as 
inserted. 
Hie iCOST (DEN 8053). Enter the estimated unit 


Frocurement cost of the item in dollars and cents. 
There is an implied decimal point in this field, with 


the last two columns representing the cents porticn of 


the cost. 

SeeR CODES (DENS DOQ12/D01713/D013C). The Source, 
Maintenance, and Recoverability codes are given as 
defined in the DEN Dictionary. Butrzes £o: the 


Maintenance codes are mandatory; entries for the Source 


and Recoverability codes are optional. 
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ERE) (LEN FOZ). The Best Replacement Factcr, as 
defined inthe DEN Dictionary, is entered in this 
field, with the last 4 positions of the field being to 
the right of an implied decimal point. 


MRU (DEN C007). Enter a value for «he Minimun 
Replacement Unit if different than 1. If left Lrlank, a 
default value of "1" is assigned by the model. 


MEC (CEN GUO = Enter a value EO) «Melt tary 
Essentiality Code, as defined in the DEN Dictionary, in 
emacs field. MCC codes for the MCO COSAL policy may be 
entered instead, but if so, Option 1 must be neon-blark. 
Whichever coding scheme is entered and identified by 
Option 1, the medel will make conversions if needed for 


the operation of the specified Comparison Policy. 


STEAL CE CODE (PeN COO7B). tio weOLCnOr ne Lo) Lowang 
codes is entered in this field, the indicated action 
Will be taken by the medel: 

Code Action 


W The stock level for the item at user 
Sites must be at least as much as_ the 
Override Amount given in the next field. 
In both the Comparison and ACIR policies, 
the value given by the Override Amount is 
used as the stock level if it is larger 
than the amount calculated by the policy. 


X The item is completely eliminated from 
all processes of the model except for 


immpie/Outout Eunerions. 


¥ The item is included in all model process 


but a zero stock level 1s assigned for 
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both the Availability Centered and 


Ccmpariscn Policies. 


Z The item TS inemided an all model 
prccesses but the value given by the 
Override Amount is used as the stcck 
level at user sites ORM Det h the 
Availability Centered and Comparison 


Pclicies. 


OVERRIDE AMOUNT (DEN COOQ7A). The amount entered in 
this field is used as the stock level if a "Z" Overrides 
code is assigned or Minimum stock level if ae ‘wt 


Cverride code is assigned. 


(iecmcOombeewang ils a DELet description of the modified 
input format for the cptional data cards which are referred 
memas the J-CARDS. These cards are referred to as J-CARDS 
kecause tke character in the first column is 'J' to identify 
them as such. This modification applies only to the NPS 
implemented version of ACIM. This nodification was under- 
taken by LT Henry Watras to enable the existing ACIM prcegram 
input requirements to be compatible with the PL/1 complier 
installed in the IBM 3033 system at NPS. Also, this modifi- 
cation allowed for ten different sites in a support organi- 
zation when using ACIM to compare user-inserted site 
Peev2sioring stocks. 

The following JCARDS format is further explained in 
the ACIM 2.0 Handbook [Ref. 12}. 





Cols Data Element MODE Unit 
1 Format ID (J) A 
2-11 Item Ref AN 
12 Edit Reference I 
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13-17 
18-21 
22-24 
25-28 
29-34 
35-38 


4Q-4 3 
4u=-4 7 
jo-) | 
ag 
o>) 9 
60-63 
64-67 
68-71 
f2-75 
76~79 


where: 


User MSxt R Days 
Procurement Lead Time R Days 
Deport Repair Cycle R Days 
Scrap Rate R Fraction 
Annual Wholesale Demand I Units Per 
Wholesale Stcck Level i Units 
Speeciewed Scock Levels for Specific Site 
Site 1 3 Units 
Sar ceua2 I Units 
Site 3 I Units 
Site 4 ii Oni cs 
Site 5 iE Units 
Site 6 I Units 
Site 7 ii Units 
Sice oO I Units 
Site 9 I Units 
Site 10 i Units 
A Signsretes latter character: 
AN Signifies alpha-numberic character; 


signifies 


Sa gna ties 


a real number; 


an integer number. 
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Year 





These data 


Canter fer Naval 


ea this 


spacing retween 


an 


representative 


ina 


study. 


APPENDIX B 


BENCHMARK I-CARDS FOR LAMPS MK III 


The 


more easily 


bkenchmark cases. 


ond) time Ue | 9 (ee | of em 0c ae WRU ms J) son [AOE JOU WO i IE oe OOD ie GO| sou ee oe | 


01 
BierZ 
1092 
1102 
1112 
Wa 2 2 
ils 2 
1142 
lio 2 
1162 
1172 
1212 
22 2 
1232 
1242 
1252 
1262 
1272 
1322 
As 2 
1342 


SH60B 

RADIO &CVR AS 
RCVR-XMTR ,UHF 
CONTROL, UHF R 
BASE MOUNTING 
SPCH, SCRTY EQ 
RCVR-XMTR,HF 
AMPLIFER-CCUP 
MOUNT ,RCVR-XM 
MOUNT, AME-CO 
CONTROL, HF RA 
CONVERTER ~ERO 
CONTROL INIIC 
RMT SWITCHING 
INTERCONN. BO 
RELAY ASSY 
APX100TRNSEDR 
CMPTR,TRANSPN 
BLANKER INTFC 
PROC,SPCH SEC 
REM CNTRL ONT 


reflect the 
Analysis and the benchmark 


part 


I-card data 


I-cards exactly 


1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 


a 


numbers 


read format. 
as 


received fron 


the 


item data used 


were eliminated 


Appendix C 
they appeared for 
10: 2762933 
1680000 OG 0.8528 
987000 0G ~Il 3659 
270000 OG 1.5642 
135900 ~0G 0.0537 
941000 OL 4.2000 
WOOOCO OG 5.5629 
1300000 OG 5.5629 
216000 OG 0.0537 
75000 “OG, 020537 
270000 OG 0.5809 
24700000 OG 2.8571 
5750000 OG 2.2281 
1080000 OG 0.4701 
146000 OG 0.1960 
562000 OG Q.6742 
1670000 OG 0.7616 
leew0O OL Yo5273 
981000 OG 0.8187 
Sood mOL O.d674 
76300 OL 0.1808. 


and the 
elements condensed so that these input cards 
rrovides 
the 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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srs) 
1316 2 
12m 2Z 
ese 
Apso 2 
1402 
1412 
1422 
1542 
1552 
1562 
ov 2 
1532 
9 2 
1602 
1612 
lie22 
163 2 
1642 
fiot> 2 
1662 
1672 
1682 
1692 
1702 
gl 2 
1722 
1732 
76 2 
1772 
1782 
1792 
1802 
1822 
ais 2 


COMM SCTY EQP 
STD ABN CMETR 
CONV-MULTIPLE 
CONTROL IND ( 
CONTROL IND ( 
TAPE CONTECL 

TAPE HANDLING 
CONTRCL MCNIT 
RDR NAVIGATIO 
DISPLACEMENT 

ELECTRONIC CT 
CMPS SYS CNTR 
XMTR RMT CMPS 
RCVR/TRANSMIT 
CONTROL, RCVR 
SHCKMNT, BASE 

RCVR/TRANSMIT 


INDICATOR,HEAD 


ANTENNA 

ANTENNA 

AMPL RELAY AS 
MOUNTING 
RECEIVER, 
MOUNTING 
NAV SWITCH-IN 


RAD 


Eno DLS HE IND 


ATTITUDE IND 
CONVERTER PIS 
CLOCK ,AIRCRAF 
LIGHT CONTROL 
ANTENNA,UEF/T 
ANTENNA, IFFE 
ANTENNA,SCNOB 
FITTING ASY 
FITTING ASY 


1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 


32 


732000 
229000000 
21000000 

4810000 
4810000 
11400000 
1830000 
2560000 
15300000 
2850000 
1740000 
309000 
87500 
1470000 
130000 
95000 
1220000 

414000 

130000 

486000 

443000 

60000 
384000 
13500 
11000000 
2010000 
1180000 
11500000 
70800 

458000 

215000 

114000 

131000 

80600 
80600 


OL 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OD 
OZ 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OZ 
OZ 
OZ 
OG 
OG 


a 


Oso 2 7 
3.5146 
3.4711 
1.7143 
1.7143 
2.1000 
1.2000 
0.2543 
1.3884 
1.6901 
220857 
0.3745 
026265 
1.1009 
0.0607 
02053 / 
2.2047 
le6216 
O50) aye 
05 622 
0.1762 
0.0093 
0.5870 
0.0537 
2.8866 
0.9825 
Gee. 
1.4359 
0.7749 
OS b Fats 8 
0.1120 
0.0560 
0.1120 
0.2800 
0.2800 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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1842 
1852 
1862 
1872 
1882 
1892 
1902 
TOA 2 
Po 2 
5 2 
1942 
oS 2 
196 2 
137 2 
1982 
| Shs 
2002 
2012 
wiz 2 
2032 
2042 
2052 
2062 
2072 
2082 
2092 
2102 
2112 
2122 
aes Z 
2142 
2Vo2 
2162 
2172 
2182 


FITTING AsY¥ 
PEE DRINGSASY 
SHROUD ASSY 
WINDOW 
LINER 

LATCH ASSY 
NUT ASY LCK 
AREXSELG A 
APEX FITG A 
EEFARING ASS 
PEARING ASS 
CENT WLNDSH 
LATCH CONTA 
NUT ASSY 
LOCK RING 
FAIRING ASS 
CAM 
FIREWALL AY 
FANEL aASSY 
PANS VAS > Y 
VIB ABSOREBE 
WINDOW ASSY 
JEEEESON EA 
STABILATOR 
CENTER STAB 
BIC] gehpeysy pd 
SEAL ASSY 
PANEL ASSY 
BUCKLE AY 
‘PVE LA REE 
LAP BELT AS 
CRAG EEAM A 
CRAG FPEAM A 
MLG SHOCK §S 
MLG WHEEL A 


77000 | 


77000 
117604 
112000 

93800 

83900 
132740 

92400 

92400 

78320 

93010 

pay a\eyV, 
199560 

74670 

66000 

37330 

75790 

40351 

45760 

63467 
22) 0 
578420 
364140 


1653640 
2465120 


126170 
872280 
918000 
66510 
63370 
3235 


1079620 
1079620 


998080 
256680 


OG 
OG 
OG 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OG 
OZ 
OZ 
OZ 
OZ 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OZ 
OG 
OZ 
OG 
OG 
OG 
OG 


0.2800 
0.2800 
OCs 3 
0.9101 
0.0700 
0.4433 
0.4901 
0.2800 
0.2800 
0.4198 
Oe2 799 
0.0279 
0.0117 
0.0088 
0.0088 
0.5600 
1. 1667 
0.0088 
0.0088 
0.0088 
0.0261 
Q.1167 
020333 
0.0870 
0.2100 
0.6065 
0.5541 
0.0117 
0.0174 
0.0174 
0.0174 
0.1306 
0.1306 
0.3134 
0.0088 
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ZA 2 
5 ON 
Ze 2 
Zee 2 
2232 
2242 
ee 
2202 
Zz 2 
2282 
229 2 
2302 
Z312 
2322 
25352 
2342 
Zae)2 
Zao 2 
Za! 2 
2382 
239 2 
2402 
Z412 
2422 
Za 2 
2442 
Z452 
2462 
2472 
2482 
2492 
eo 2 
Zaz 
Ze 2 
Zo 32 


ERAKE 

MLG BRAKE A 
TAIL LANDG 
PLGe DOCK. S 
TOR ARM ASS 
LOCK PIN AS 
WHEEL & TIR 
T1 WHL LK A 
MASTER BRAK 
SLAVE VALVE 
VALVE 

RAST PANEL 
RAST ACTUAT 
MAIN FROBE 
FROBE HOIST 
FROBE ACTOA 
FEEC PRONLC 
TIE ROD 
PUSH ROD 
YOKE& HOUSIN 
YOKE& KHOUS IN 
EEAM ASSY 
EELLC RANK 
FELLCRANK 
PELLCRANK 
PELLC RANK 
PELLCRANK 
ROD ASSY 


= Fe & ff 


‘LINK ASSY 


SHAFT ASSY 
CEP SULE ASS 
TAIL KOTOR 
CUADRANT AS 
TAIL ROTOR 
ACTUATOR 


1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
18 
TR 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
LPs: 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
AR 
1R 
1R 
1R 
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ee ee ee ee ee Sr i Ss © > ao a | © Sr Ss © eeoe Wr Sn © Mr A) 


278930 
278930 


12558610 


127500 
63750 
48540 

114560 

246499 
89390 
46370 
78120 

894450 


1249970 
2305710 
6373880 


186920 
13720 
147560 
65750 
292300 
23130 0 
443680 
37440 
42200 
42200 
51040 
49180 
113030 
155460 
17710 
114540 


32172610 


302290 


3707700 
1001400 


OG 
OG 
OG 
OG 
OG 
OG 
OG 
OD 
OG 
OG 
OG 
OD 
OD 
OG 
OG 
OD 
OD 
OG 
OG 
OZ 
OZ 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OD 
OZ 
OZ 
OG 
OG 
OG 
OD 


0.5600 
0.5600 
0.0349 
Cars oe 
0.0088 
0.1742 
0.0261 
0.1742 
0.0088 
0.0088 
0.0088 
0.2858 
1.6092 
22 
Oe 
0.9333 
0.1633 
0.1680 
0.0117 
0.0560 
0.0560 
0.0174 
0.0280 
0.0280 
0.0280 
0.0840 
0.1680 
0.0261 
0.0088 
0.0435 
0.0088 
Gta 3 
0.1680 
0.1680 
ae US 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
Ae 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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2542 
2552 
2562 
230.2 
Zoo 2 
a5 3) fa 
2602 
2612 
2622 
2632 
2642 
2652 
2662 
2672 
2682 
269 2 
2702 
2712 
2722 
2732 
2742 
Ze 2 
2762 
PUIG 
2782 
2792 
2802 
Zo \2 
2822 
ors.2 
2842 
2852 
2862 
Zo 12 
Zere 2 


STAB INDICA 
FELLCRANK A 
BELLCRANK A 
ADJUSTER AS 
ADJUSTER AS 
FUSH ROD 
PEDAL ASSY 
FEDAL ASSY 
SUPPORT 

Sur TcH 
SWITCH 
PELLCRNK AS 
COLL STK AS 
COLL Sire 
CYGEC STK A 
PELLCRANK A 
EFELLCRANK A 
CONTROL ASS 
EELLC RANK 
LINK ASSY 
SHR) OAS 5 Y 
OUTPUT LEVE 
INPUT LEVER 
COUPLING 
nice Aso 1 =i 
BELLCRANK 
PDTC ie BeELEC 
ROD ASSY 


EEN K 
LINK 
LINK 
LINK 


ASS Y= 
ASS 4 
ASS =-0 
ASS Y-a 


PRIMARY SER 


EUs ROG ASSY 
FUSH ROO ASSY 


1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
TR 
1R 
1R 
1R 
1R 
TR 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
TR 
1R 
TR 
ar 
TR 
nite 
le 
1R 
1R 
1R 
TR 


a 


159020 
20520 
68810 

456250 

455530 
Siliso 
US a0 
VEE 
Westy) 7 
68200 
76500 
P57 oe | 

a0) st) 510) 

532870 
62400 
20790 
56535 0 
84190 
20350 
30480 

aye lehie 
57630 
5) BSie10, 
S07 > 0 
10860 
52110 
ee 20 
30920 
34830 
10860 
10860 
10860 


1355120 


61400 
81200 


OD 
OG 
OG 
OG 
OG 
OG 
OG 
OZ 
OZ 
OZ 
OG 
OZ 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OD 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OD 
OG 
OG 
OG 
OD 
OD 
OD 


0.0784 
Oreo 0 0 
0.2182 
0.1680 
0. 1680 
OS ZN Se, 
0.1680 
0.1680 
Oa2239 
Oez239 
ORE 58S, 
0.0849 
0.4480 
0.4480 
Us3459 
OP 20, 
0.1400 
0.6354 
0.0280 
0.1680 
0.1742 
0.0840 
0.0840 
0.0840 
0.0840 
0.1680 
0.1680 
0.1680 
0.0560 
0.0840 
0.0840 
0.0840 
0.6442 
0.1400 
0.1400 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
aa 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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Za72 
Za 
2912 
2922 
255 2 
z942 
Zo 2 
2962 
2912 
ZIS2 
moo 2 
3002 
3012 
BO 22 
B32 
3042 
BOD 2 
3062 
3072 
S0lei2 
B09 2 
3102 
ed 2 
B22 
Sls 2 
3142 
Bi 2 
B62 
Sm) 2 
3452 
en9 2 
3202 
3212 
2212 
252 


BUSH SROOMASS Y 


KOLL TRIM A 
EPEC el. Ae Se IR ul 
Son Vv OAS S Y 
CONTROL ASS 
TRIM ACTUAT 
ACTUATR,C T 
SHAR LT Aco Y 
LATERAL SHA 
SHAFT ASSY 
MANFLD/VLV 
ACCUMULATCR 
ROUOR hs ee 0D 
ELADE FOLD 
ERACKEL FASS 
CONE, MRA 
BER AAn - ASS 
ROD ASSY 
Bene dao 
CYLINDER AS 
DAMPER AS SY 
HINGE 

HINGE 

HINGE 

HINGE 

FITCH HORN 
LOCK PIN AS 
BEARING ASS 
EEARING ASS 
PEATG& ASSY 
PEATE, eRES 
Mea: was 1 
SOLE NSIS) YE 
CAM ASSY 
SWSHPLT 


1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
TR 
1R 
1R 
1R 
TR 
1R 
TR 
1R 
1R 
1R 
TR 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
1R 
TR 


96 


27530 
3551120 
4434900 
2133970 
5352470 
2404810 
5472290 

148590 
116450 
130230 
(55 1510 
149020 
98930 
62260 
29299 0 

25200 

2110500 
167340 
351360 

88820 

560.09 0 

1731290 

1731290 

1731290 

1731290 
211260 
175910 

1488530 

1410560 
204760 
400330 
286940 

99450 

75790 
3295072 0 


OD 
OG 
OG 
OG 
OG 
OD 
OD 
OG 
OG 
OG 
OZ 
OZ 
OZ 
OG 
OD 
OZ 
OG 
OG 
OD 
OD 
OG 
OG 
OG 
OG 
OG 
OD 
OG 
OD 
OD 
OD 
OG 
OG 
OG 
OZ 
OG 


0.1400 
0.2874 
Oe S67 
0.1742 
0.0174 
0.2874 
0.6354 
0.0840 
0.0560 
0.0560 
O.0957 
0.1003 
0.8400 
0.0583 
0.9233 
0.0088 
0.0088 
0.1916 
0.0958 
0.3966 
Ona eay 
0.2450 
0.2450 
0.2450 
0.2450 
0.0349 
0.2800 
053395 
0.5742 
0.0349 
0.0349 
0.0261 
0.0933 
0.8400 
0.0870 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 





oe ae ee ee ee ee ee ee ee ee ee ee ee ee ee ee | 


3242 
S252 
3262 
S27 2 
ae 
Sea 
a2 
2 
a2 2 
S18) 82 
3342 
Bei 2 
EEG 2 
Gen 2 
S)3ei 7s 
5,3) )74 
3402 
3412 
3422 
3432 
3442 
3452 
3462 
3472 
3482 
3492 
0) Z 
Bo 12 
Se 2 
323) 74 
3542 
Bio 2 
Bao 2 
Spi Z 
Broz 


SCeooOko AS 
MAT N SRD R ee 
SUT UE MSE AT 
BES; fNDEGTR 
ROD 

ROD END ASS 
ROD END ASS 
PEECGH SB EAU 
TAIL BLADES 
ACCUMULATCR 
ACTUATOR, BE 
PETed LOCK 
Prren LOCK 
MOTOR, INDE 
ELADE FOLD 
GENERATOR, 
ACCUMULATCR 
EXHAUST DUC 
GpowecocUs: 
RELAY 

SHAFT ASSY 
STRAINER 
FLANGE 
Siar ASS Y 
PLANGE ASSY 
ERAKE DISC 
OIL PRSR SW 
STATOR 
ROTOR 
GEAR BOX AS 
TAIL SHAFT 
GEAR BOX AS 
FLANGE ASSY 
MAIN GEAR B 
POMP 


Z 
4 
4 
4 
Uy 
4 
4 
1 
Z 
1 
4 
4 
uy 
1 
1 
1 
1 
1 
1 
Z 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
Zz 
Z 
1 
2 


316030 
9841440 
229690 
98420 
47330 
15960 
15600 
87900 
4746280 
939840 
1526020 
406240 
159770 
2194100 
796510 
1054810 
885880 
140010 
79240 
84414 
242974 
101370 
219300 
G0) Zaye 
104520 
571060 
113090 
86 160 
246220 
2070510 
70180 
7241390 
75460 
2238 8496 
230490 


OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OG 
OD 
OD 
OG 
OD 
OG 
OD 
OG 
OG 
OZ 
OZ 
OG 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OZ 
OG 
OD 
OG 
OD 
OG 
OD 


0.0609 
LAS SY Ae) 
O62) 3 
0.2090 
OS ow 
1.6800 
0.4198 
0.5600 
0.0870 
0.4901 
Oss 133 
0.1867 
020233 
0.2800 
0.2566 
0.2090 
Oss 2 
Va2254 
0.0280 
0.0467 
0.0700 
0.0560 
0.0088 
22239 
0.0088 
0.2601 
0.2874 
0.0280 
0.0260 
Ge 2022 
0.0088 
O26 100 
0.0088 
0.0088 
0.0609 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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APPENDIX C 
A~,Ii-,L-~ AND J-CARD FORMATS 


The computer card formats provided in this appendix 
allow the reader a look at the previously described data 
cards. The A-card and L-card provided in Figure C.1 previde 
the benchmark entries as used in this study for an avail- 
ability constrained cptimization. Three benchmark I-cards 


are provided as well as the first benchmark J-card. 
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